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ABSTRACT 



J A PliiOGRAM FOR THE CREATION OF A BIOTECHNICAL CURRICUUJM 

The original purpose of this project was broadened to include other 
science technologies and the curriculum vas renamed Science Technology* 

A survey of employers in the Northern Virginia area indicated that > 
there vere employment opportunities in a vide range of science technologies 
and that there vere many laboratory skills common to all of the Job activi- 
ties of currently employed technicians. 

JSased on these findings and in cooperation with the local curriculum 
advisory commit tee » curricula for a ttio-year degree program and for a one- 
year certificate program were prepared and submitted for state approval. 
The science technology components of these curricula were developed as 
modules » self*instructional» self-pacing» independent units of instruction. 
A total of 35 modules are currently available for students entering the 
program in the fall of 1972. Of these, tive were obtained from other sources 
two were produced by students and the remainder were developed by the pro- 
ject director. Some of the modules have been tested by students. 

During the extension of time granted for the completion of thiso 
project » the director has been primarily engaged in supervising the efforts 
of students testing the modules » in revising the existing modules on the 
basis of recommendations of students testing tne modules » in modifying 
ChemTeC materials for the program, and in making arrangements for the on* 
the-job training phase of the curricula. 



PREFACE 

While the original purpose of this project was to develop a 
biotecfinical curriculum for use in a two->year degree program, the 
purpose of this project was broadened to include other related 
science technologies. The curriculum has been renamed the Science 
Technology curriculum. The additional support for the project was 
provided^y Northern Virginia Community College. This support, 
which significantly exceeded the normal cost sharing arrangements, 
is gratefully acknowledged. 
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Annual Report 

A PROGRAM FOR THE CREATION OF A BIOTECHNICAL CURRICULUM 
INTRODUCTION 

^ The original purpose of this project was to create a bio technical 
curriculum on the Alexandria Campus of Northern Virginia Community College. 
As indicated in the original proposal, several studies pertaining to 
technical manpower and opportunities for technical education have demon- 
strated the need for technical programs • A 1969 study by the National 
Industrial Conference Board showed that qualified technicians have been 
in short supply for several years and will remain so into the 1970' s 

1 unless action is taken to train more technicians. A 1970 report of the 
National Conference of Post-Secondary Vocational Education prepared by 
Ohio State University and the U. S. Office of Education assessed 
vocational-technical programs in each state across the nation. In the 
state of Virginia, less than 3% of the 18-21 year old population was 
enrolled in vocational-technical programs while the national average for 
such enrollments was 4.8%. Furthermore, only fourteen institutions in 
the state offered technical programs. Commissioner Marland's recent em- 
phasis on career education further substantiates the need for development 
of programs that g;o beyond specific vocational training to help students 
explore a variety af careers and to appreciate the role of their chosen 
career in the broader context of technology. 

The purpose of this project has been broadened to Incorporate 
Commissioner Marland^s concept of career education and to accommodate a 
larger component of technology than the original bio technical curriculum. 
This broadening of the scope of the project was necessitated by the variety 
of employers who responded to the survey which was done very early in the 



project. We have renamed the curriculum Science Technology and have 
included several options; presently chemical technology and biotechnology 
are being pursued by students* 

One of the major objectives of the Uexandria Campus of Northern 

\ 

Virginia Community College is to serve the community of suburban 
Virginia adjacent to Washington, D. C. by providing training and pro- 
fessional career orientation for the types of employment currently avail- 
able to citizens of the community. Since the Alexandria Campus did not 
offer any programs in the science technology area prior co the initiation 
of this project and since the curriculum development guidelines for the 
Virginia Community College System encourage the creation of "umbrella" 
programs wherein there are several options under one administrative unit, 
it was decided to pursue the development of a Science Technology program 
with options in biotechnology, chemical technology and environmental 
technology and to add other^ options as time permits aad the need for new 
types of technicians arises. 

Therefore, the purpose of this project has been redirected to create 
and implement the initial stages of a science technology curricultim. 
Significant support beyond the typical cost sharing arrangements has been 
provided by the college for this expanded project. Continued efforts this 
fall have focused upon further development of the curriculum. The possibi- 
lity of developing an electro-chemical technology area has been suggested 
by one employer. 

PROCEDURES 

Three classes of procedures were involved In carrying out this project: 

(1) the survey of employer needs and student aspirations and interests, 

(2) the development of college-employer cooperative relationships, and 



(3) the development, testing and implementation of tha initial stages of 
the curricultun, and (4) re-evaluation and modification of initial 
materials used in the first quarter of the curriculum* 

To assess employer needs a questionnaire was designed to collect 
pertinent information concerning the number of technicians employed, 
salary scales, desire to hire technicians who have completed such a pro- 
gram as the one being developed, skills considered necessary or desirable 
for the tasks technicians currently do, and willingness to cooperate in 
an on-the-job training program. A copy of the questionnaire is provided 
in Appendix A* This questionnaire was mailed to 63 laboratories, 
industries and public offices in the Northern Virginia area in June of 
1971. A follow-up letter with a second copy of the questionnaire was 
mailed to non-respondents in July. Fourteen completed questionnaires 
were received. An additional twenty-one questionnaires were returned 
with the notation that the recipient organization does not employ science 
technicians. Among the non-respondents were schools, departments of 
public works, recreation departments^ and extremely small laboratories 
which presumably do not hire technicians. Some of the questionnaires 
were mailed for the purpose of informing the recipient that we were 
developing a technician training program and therefore a completed response 
was not anticipated. 

To assess student Interests and aspirations and to determine the ex- 
tent to which these match employ^er needs, we had planned to obtain a group 
^ of students currently enrolled in other programs to participate in^ 
series of trips to various laboratories and in discussion groups designed 



t 

to determine the degree of commonality between student aspirations and 
anticipated employer needs* Since this turned out to be an unworkable 
plan because students apparently do not participate In such non- 
remunerative activities y we modified the plan to offer Independent study 
credit to students who participated In the prbject by testing modules* 
About eight students Initially were Involved In the project; one has 
worked continuously throughout the academic year. Our experience 
Indicated that It was very dlfflciilt to generate student Interest until 
the curriculum was actually approved and Incorporated in the college 
catalog* During the Fall Quarter of this academic year» five students 
have been enrolled In the approved program and have been using the 
modularized Instructional method* 

The procedure for assessing student Interest has been revised* A 
module called "Introduction to Science Technology" has been prepared and 
Is being used to explain the program and recruit Interested students* A 
course entitled "Careers In Science Technology" Is being Incorporated Into 
the first quarter of the curriculum to Insure that students learn early In 
the curriculum about the career opportunities available to them* The 
Introductory module and the course » which will be described In more detail 
later In this report » are mentioned at this point to Illustrate methods 
for assessing student Interests and aspirations* 

The procedures for developing college-employer relationships Included 
the appointment of an advisory committee for the currlculiua consisting of 
representatives of a vairiety of employers of science technicians* This 
committee was selected from the community and appointed by the president 
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of the college according to, established procedures of the college. 
Information from the survey of employers was used to select laboratories 
to participate In the on-the-job training aspects of the curriculum. 
Several potential employers were Identified and they will be contacted 
to work out detailed cooperative arrangements when students become en- 
rolled in the program. The director of this project is working in close 
association with the collegers director of the cooperative education pro- 
gram to take advantage of his expertise in arranging for on-the-job 
learning experiences. The appointed committee (meeting once during each 
quarter) has enabled the director to define the options (biotechnology 
and chemical technology) more precisely and facilitate future employment 
arrangements. 

Several procedures were used for developing, testing, and implementing 
the initial stages of the curriculum. Based on college policies and input 
from the advisory committee, it was decided to develop a two-year program 
leading to an Associate in Applied Science degree in Science Technician 
Aide. Therefore, an overall curriculum for each of these programs was 
prepared and submitted to the Virginia Community College System for approval. 
A course description was also prepared for each proposed new course. The 
curricula and the course descriptions are given in Appendix B. In July the 
Virginia Community College State Council approved the curriculum— Science 
Technology. Unfortunately because of the late approval and delayed publi- 
cation of brochures and general public information, the initial group 
entering the program numbered four (handled on a lecture-laboratory- 
independent study basis) • 



I 



In the original proposal for this project, plans were made to visit 
other colleges to survey programs and to obtain consultants to advise us 
in the development ot the curriculum. One role of a consultant vas to 
have been to maintain interaction with the American Institute of Biological 
Sciences* Project BIOTECH. These activities were carried out at no expense 
to the project since the initial director has maintained a close working 
association with the staff of Project BIOTECH (as part**tlme staff biologist 
for the Education Division of AIBS) and has had occasion to visit several 
colleges and survey their technical programs while conducting other 
business such as workshops on the development of modules. The present 
director for the extension period (ending December 15th) visited one col- 
lege to observe an open laboratory program of study and view the develop-* 
ment ot a TV-*module designed to teach a laboratory skill* Further travel 
and observation was prohibitive due to the instructional demands associated 
with the new program. 

The procedure used for developing modules followed the outline in 
Publication Mo. 31 of the Coiamlssion on Undergraduate Education in the 
Biological Sciences entitled The Use of Modules in College Biology 
Teaching . (Copies of sections of the publication are provi?':i(t with this 
report.) The list of modules to be developed was based largely on infor-* 
mation from the employer survey in which employers Indicated which skills 
were necessary or desirable among the tasks their technicians carry out. 
While most of the modules were developed by the project directort several 
of the students participating In the project developed modules on topics 
of interest to them. Two of these modules were appropriate for inclusion 
In the curriculum. In addition to developing modules, we were constantly 
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alert to other sources of nodules suitable for inclusion in the curriculum. 
Four nodules were purchased fron coonercial sources and one was nade avail-* 
able to us for testing purposes fron the Purdue Minicourse Project, directed 
by Dr. S. M. PostXeth«rait. 

A nodule evaluation fom for student testing of nodules, shown in 
Appendix C, was prepared. Each student was requested to conplete this 
evaluation for each nodule tested. The evaluation procedure has been help* 
ful in Inproving the nodules. 

As i;he list of conpleted nodules grew and the content of the nodular-* 
ised science technology courses began to take shape, a tlow-chart of con- 
plated and proposed nodules was prepared. The current fiow-^hart and the 
options for bio technicians and chenical technicians* are shown in Appendix P. 

Plans for Inplenenting the initial phase of this program was carried 
out during the sunner and fall of 1972. The director began naklng plans 
for cooperative on-*the-Job training with several employers in the area, 
teaching the first courses to be offered in the progran, having students 
evaluate the nodules as they use then, revising nodules as tine pemitted 
and the needs arose, and adapting naterials fron ChenTeC for the progran. 

The other courses in the curriculun will be offered in other divisions 
of the college and probably will not be nodularized. Students will develop 
connunication and nathenatical skills and will have the opportunity to 
select courses fron the social and natural sciences • TWo specialized 
courses, one in technical writing and one in data processing, will provide 
opportunities to naster additional skills frequently needed by technicians* 



The currlcultxm for the one-^year Certificate program parallels closely 
the first year of the two-year program except that the mathematics course 
recommended is less demanding. It would be relatively easy for a student 
who started out in one program to elect to change to the other with very 
little loss of credits. 

Of all the activities of this project , the greatest amount of effort 
was placed on the development of modules because most other aspects of the 
program depend on the availability of modules for the college-based science 
technology courses. Now that forty-five modules are completed » they are 
being used by students beginning the program this fall. They are being 
used to demonstrate the concept of modularized instruction to other divisions 
of ^ the college and to employers considering setting up cooperative on-thp-_ 
job training. Since modules are a relatively new mode of Instruction^ 
there is a general lack of understanding of what they are and how they are 
used in tailoring curricula to meet individual student needs. As a result 
of the modules developed » we are in a position to demonstrate some of the 
advantages of modules. Students become independent learners and they can 
work at their own pace to master learning materials. With modules incor- 
porated into the systems approach to learnings mastery becomes the goal 
and the time required to master a module can vary. In contrast » traditional 
teaching has usually set a time limit such as three lectures per week for a 
quarter or semester and there was much variation In the level of mastery 
attained by the students » all whom were expected to go through the course 
at the same pace. 

Modularized Instruction is sometimes perceived by instructors as an 
automated mode of Instruction which makes the teacher obsolete. This is a 



8 



serlcus misconception* tfodules do free ^eachers from repetitive preparations 



of routine teaching materials. The teacher's role changes to that of a 

manager and facilitator of learning • The teacher responds to individual 

students when they have particular needs* The teacher encourages , counsels ^ 

motivates and enriches the experiences of students. In short, through the 

use of a modularized learning system, the teacher is free to do what only 

people can dot All of the modules developed in this project follow the 

module fomat provided on page 5 of CtJEBS Publication No. 21 (included with 

this report). Each module has nine components: 

*1* STATBIEHT OF PURPOSE - a brief statement of what the student 
wilT learn. ^ 

2. DESIRABLE PREREQDISrilE SKILLS - skills a student should have 
mastered before beginning a particular module. 

3* INSTRgCTIONAL OBJECTIVES - a list of the skills or concepts to 
be mastered stated in behavioral terms. 

4* DIAGNOSTIC PRE-TEST - a written or demonstration test to deter- 
mine either whether a student has mastered the prerequisites of 
the module or whether the student has mastered the module and 
need not do it. 

5. DiPLEMENTERS - all of the materials needed to complete the 
module including laboratory equipment and audiovisual aids. 

6. THE MODULAR PROGRAM - the instructions to the student for what 

to do to master the objectives; can include programmed instruction, 
audio tape, laboratory activities, etc. 

7. RELATED EXPERIENCES - suggestions for modules which logically 
follow the one Just completed or for other experiences the student 
is now ready to do. 

8. EVAUATIV E POST-TEST - a written or demonstration test to deter- 
mine whether the student has mastered the objectives of the 
module. 

9. ASSESSMENT OF THE MODULE - an evaluation of the quality of the 
module which is done by completing a module evaluation form like 
the one in Appendix C. 

..A, total of forty *five modules are currently ayailable for students 

entering the program in the Fall of* 1973. The titles of these modules are 

as follows: 
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MODULES FOR TOE SCIENCE TECHIIOLOGY PROGRAM (FALL 1973) 



Introduction 

Introduction to Science Technology 
Safety in the Laboratory 
Basic Cheiaical Laboratory Practice 
Chenical Liter ure and the Library 
■ Record Keeping 

Hazards — Electricity and Compressed Gases 
Toxicity of Chenicals 

Skills 

Simple Balances 
Compound Light Microscope 
Metric }!easureBent 
Paper Chroiaatography 
pH Meter 

Analytical Balance (manual) 
Analytical Balance (automatic) 
Dissecting Microscope 
Computations 
Slide Rule 
Biostatistics 
Insect Identification 
Water Analysis 
Blood Smear Techniques 
Aseptic Technique 
^ Preparation of Sterile Media 
Pipetting (including syringes) 



Basic Chemistry Modules (using programmed 

text) 

Introduction to Chemistry 

Atoms, Molecules and Periodic Table 

Oxides, Acids, Bases and Salts 

Chemical Calculations 

Gas Lavs 

Solutions (Part I) 
Solutions (Part II) 
Colloids 

Nuclear Chemistry - Radiation Biology 

Organic^ Chemistry 

Biochemistry 

Basic Biology Modules (using KVCC study 

guide) 

Basic Ecology 

Energy in Living Systems 

Cell Structure and Function 

>Iammalian Anatomy and Physiology I 

(digest., respir., circ. and urogenital 
systems) 

Mammalian Anatomy and Physiology II 

(endocrine, sensory, nervous, effector sys.) 

Classification and Taxonomy 

Evolution 

Genetics and Gene Action 
Grovth and Development 
Animal Behavior 
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Notice that the modules listed here correspond quite closely with 

the skills considered essential or desirable by employers in the area* 

Of the modules listed. Analytical Balance and Insect Identification 

were prepared by students. Recently a module on the use of the Mettler 

Analytical Balance is being prepared by a student. The Module, Aseptic 

Technique, was provided to us for testing by the Purdue Hlnicourse 

Project. The following modules were developed from commercially 

available materials: 

Basic Chemical Laboratory Skills 

Toxicity of Chemicals 

Safety in the Laboratory 

Hazards — Electricity and Compressed Gases 

Solutions — (6B) 

Paper Chromatography 

Metric Measurement? ; 

Water Analysis J 

Blood Smear Technique' ^ 
Basic Blood Typiifg Cp 

Many of the modules include some component of commercially available 

materials. The exact materials used are specified in Abstracts of 

Modules: Appendix E. These abstracts include the statement of purpose, 

the instructional objectives and the Implementers as they are listed 

in the modules for the students. All nine components of each module 

have been completed. 

As the modularized curriculum began to take shape a flow chart of 

modules, completed or planned, was prepared as' shown in Appendix D. 

Optional pathways through the curriculum are also shown in Appendix D. 

for biotechnicians and chemical technicians. 
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It should be noted that the flow charts Include some modules which 
are presently being developed* Several modules (i.e., Basic Chemical 
Laboratory Skills) have been prepared by adapting materials from a new 
set of publications 9 Modem Chemical Technology > This set of publica- 
tions consists of a guide book and ten volumes of materials designed to 
train chemical technicians. The materials were prepared for use in two- 
year colleges by Project Chem Tec, Lawrence Hall of Science » Berkeley, 
California. Modules 34 and 35 will be developed by our staff or obtained 
from Project BIOTECH as time and funds permit. The plan for this cur- 
riculum calls for the addition of new modules as they are needed to 
train technicians for the jobs available in the Northern Virginia Area. 
Materials produced in other projects such as the ones mentioned above, 
will be incorporated into the curriculum as deemed appropriate. 

A total of 60 modules evaluation sheets have been collected from 
students participating in the project. 

Six students evaluated the original version of Module 1 — ^Record 
Keeping and Module 3 — Compound Light Microscope. Their ideas were 
incorporated into the current revised versions of these modules. 
Revisions of the Basic Chemistry Modules have proven quite valuable in 
the students-* performances. 

All of the modules that have been completed are packed in plastic 
"shoe box" size containers and are ready to be used by students when the 
program is Implemented in the fall. Slide viewers, tape players and 
headphones have been purchased to supply six stations at which students 
will work on skill modules. Programmed instruction and reference books 
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^sufficient for at least twelve students to work simultaneously have 
been placed on reserve in the learning resources center. Career 
information materials are also available for student use* 

CONCLUSIONS 

- The survey of employers effectively determined the nature of 
employment available and the skills needed in science technologies* 

- While some progress was made in developing college-employer 
cooperative on-the-job training programs and some assessment of student 
interests and aspirations was possible, we discovered that both of 
these processes are greatly facilitated by having a significant por- 
tion of the curriculum developed. During the extension time period 

of this grant, we expect to develop cooperative on-the-job training arrange- 
ments and to elicit much greater student interest in the curriculum. 

J - The forty-five modules, which have been completed, have served 
very well as a core of learning experiences for the college-based courses 
during the first year of operation of the program. 

- Since modularized instruction is a relatively new mode of in- 
struction, a significant portion of the effort in this project was 
associated with acquainting people with the advantages of modules and 
the methods of modularized instruction. 
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RESULTS 

The results of each of the three classes of procedures will be 
reported separately: (1) results of the surveys of employer needs and 
student aspirations (2) progress In developing colleger-employer cooper* 
atlve relationships, and (3) results of the development, testing and 
implementation of the Initial stages of the curriculum. 

Of the fourteen employers responding to the survey of employer needs 
the following pattern of current and projected employment for technicians 
was obtained: 



Number of Number of Number of Number of^ ^umber of Number of 

technicians employers technicians employers technicians employers 

currently reporting to be hired reporting to be hired reporting 

employed In 1972 In 1973 



none* 


2 


none* . 


3 


none* 


1 


1-9 


4 


5-10 


3 


1-2 


3 


10-25 


3 


11-20 


4 


10-20 


4 


26-99 


2 






30+ 


1 


100+ 


2 










no resDonse** 


1 


no lesDCDse^ 


4 


no reevace^ 


5 



*Those not currently hiring technicians Indicated plans to do so In the 
near future. 

**No response does not necessarily imply that no technicians are to be 
hired. Some respondents were explicit in stating that the nuiober of 
technicians they expect to hire is confidential information. 

Six respondents indicated that they have difficulty in hiring com- 
petent well-trained technicians and all six indicated that a technician 
training program at Northern Virginia Community College would be of benefit 
to them. 

With regard to salaries which would be offered to technicians with 
two years of post- secondary education, the range of values for annual 
salaries was from $5200 to $8000. Since these data were obtained during 
the summer of 1971, they may have changed since that time. 
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Five respondents indicated that they already operate on-the-job 
training programs • Seven respondents are interested in discussing the 
possibility of participating in a cooperative on-the-job training pro- 
gram in conjunction with the science technology program being developed 
at the college* 

To determine whether opportunities would be available for students 
to tour laboratories and observe technicians at work, we asked whether 
respondents would be willing; to arrange tours for students; ten of the 
fourteen respondents indicated that they would arrange tours. 

A list of skills and concepts lAich might be used in various technical 
jobs was provided on the questionnaire (See Appendix A.) The following 
is a tabulation of the number of times each skill or concept was in- 
dicated by an employer to be essential or desirable. Items that were 
checked fewer than five times are omitted from the list* 



Skill 



Number of 
employers 



record keeping 

care and cleaning of glassware 

pH meter 

simple balances 

analytic balances 

microscopic techniques 

colorimeter 

pipetting 

solution preparation 

computations 

spectrophotometer 

titrations 

metric measurements 

culturing of bacteria 

media preparation 

serial dilutions 

au toe laving 

bacterial staining 

clinical centrifuge 

colony counting 

ion exchange columns 

Spectronic 20 



14 
12 
12 
IZ 
11 
11 
11 
11 
11 
10 
10 
10 
9 
8 
8 
8 
7 
7 
7 
7 
7 
7 
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Number of 


Skill 


employers 


chromatography (any type) 


6 


slide making 


6 


use and care of syringes 


6 


microtome 


5 


specimen preparation 


5 


transferring cultures 


5 


Concepts 




chemical formulas ^ valences 




and equations 


7 


basic biochemistry 


6 


gas lavs 


6 


anatomy and physiology (mammals) 


5 


ionization«*acid-base chemistry 


5 


Items not on auesionnaire but mentioned by employers 



laboratory safety 
biostatistics 
blood analysis 

environmental science techniques 
various types of automated equipment 
slide rule 

key punch and data processing 
The results of various efforts to assess student aspirations and 
interest in the curriculum have not been entirely satisfactory. After 
trying several methods already described^ we developed a module entitled 
Introduction to Science Technology.'* This module can be used by in<- 
dividual prospective students or can be presented to a group. It describes 
what a module is» what components a module contains^ the advantages of 
modularised instruct a. It also explains the curriculum and the options 
available to students such as the choice of a two-year AAS degree or 
a one«*year certificate program and the choice of what branch of science 
technology to emphasise (biotechnology^ chemical technology^ etc.). The 
module also describes how an "umbrella'* program can offer several types 
of technology under one administrative unit. This module Is available 
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for presentation at local high schools , to employers who would like to 
encourage their technicians to obtain additional training , and to any 
citizens groups interested in learning about new educational programs. 

We have incorporated in the curriculim a one--quarter course on 
Careers in Science Technology. This course will meet once a week for 
three hours to enable the class to visit laboratories and observe first-- 
hand what kinds of jobs technicians do. These field trips will be 
coupled with class discussion, visiting speakers and other activities 
designed to acquaint the student with the curriculum and the opportun- 
ities it provides. By providing these experiences early in the curri- 
culum, we hope to assist students in determining whether their career 
aspirations match the. employer needs before they have invested a long 
period of study in preparing for a career that turns out not to be 
appropriate for them. 

The results of the survey of employers indicate that the means used 
was effective in obtaining the information needed to plan the initial 
stages of a curriculum. While the first attenq)t8 to survey student 
interests and aspirations were not totally successful ^ we did learn that 
a significant portion of a program must be developed before it is 
possible to be able to engender student interest in the program. 

The results of our efforts to develop cooperative college-employer 
relationships are twofold. Firsts we have a good working relationship 
with the menibers of the advisory cosnmittee and several individuals on 
that conmittee have provided information needed In the curriculum develop- 
ment. For example, several of these Individuals provided us with sample 
data forms to incorporate in our module on record keeping. This makes it 
possible for us to show students what kinds of records technicians keep 
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and to provide a touch of realism to the first skill taodule a student 
will do. 

Second » from the employer survey; we have the assurance that several 
employers representing a variety of technical positions will cooperate 
with U8 in planning and implementing on-the-job training experiences. 
Because it is difficult to plan the details of such training experiences 
until there are students in the program and we have some idea of their 
interests » the detailed planning has been deferred. During the extended 
time period which has been granted for the completion of this project, 
the new director of the project will make arrangements for on-the<*job 
training. 

As with the assessment of student aspirations, the arrangement of 
on-the-job training experiences can now be done more efficiently because 
a significant portion of the college-based science technology courses is 
available. The director can show the employer s what kind of skills the 
students will have mastered before they begin their on-the-job training. 

IXiring the tenure of this project, the college has obtained funds 
for a cooperative education program which extends across all divisions of 
the college. We have made arrangements with the director of this pro<» 
gram to assist us with the placement of our students in on-the-job 
training situations. 

The results of our overall curriculum planning provided a detailed 
curriculum for the AAS degree in Science Technology and one for the 
Certificate as Science Technician Aide. These curricula and the new 
courses proposed are provided in Appendix B« Some of the highlights 
of these curricula and courses are reported below. 
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As shown in the curriculum for the AAS degree in Science Technology , 
there are four types of science technology courses: (1) Careers in 
Science Technology, (2) three one-quarter courses in Basic Techniques 
and two one-quarter courses in Advanced Techniques, (3) two courses in 
Applied Techniques and three courses in Advanced Applications, and 
(4) Technology of the Future. The Careers in Science Technology course 
has already been described. The Basic Techniques courses are first-year 

courses and the Advanced Techniques courses are second-year courses. 

ft 

These courses will be taught at the college and will make use of modules 
to enable students to master skills at their own rate. The courses in 
Applied Techniques and Advanced Applications are intended to be given 
in on-the-job settings. As laid out in the curriculum, these courses 
would be spread over five quarters and would start with the second 
quarter of the curriculum so that students would have kamed some basic 
techniques and have completed the careers course before beginning the 
on-the-job training. It may turn out that students will register for 
more than one of these course/i concurrently in order to receive credit 
for a full-time work experience. In this ca^ei- a student could register 
for more than one of the basic or advanced technique courses in another 
quarter. 

The Technology for the Future course is designed to be offered during 
the final quarter of the curriculum and to give students an overview of 
possible technological changes. We intend that students should learn 
to keep abreast of changes in their field and that they should learn on 
their own so that they can master new skills as the need arises. We 
want our students to be competent and well-trained in the skills needed 
on the Jobs currently available but we also want them to have the f lexi-* 
bility and foresight to anticipate changes and cope with then effectively. 
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APPENDIX C 



MODULE EVALUATION SHEET 



Name of Module 



Name of Evaluator 



I. Please rate the overall module on the following items. Circle your response 
a) Did you enjoy the module? no 



b) Was it presented clearly? 



c) Did the parts of the module 
fit together well? 

d) Was the length of the module 
suitable to the task? 



no 



no 



Only a 
little 

Some 
of it 

Not very 
well 



It was 
OK 

Most of 
it 

Reasonably 
well 



Too long 



The right Too 
length short 



e) Did the module allow you to work Parts of 
at your own speed? no it did 

f) Would you like doing what you Could 
learned in a job setting? no stand it 



Most of 
it did 



Would 
be OK 



Very 
enjoyable 

Yes 



Yes 



Yes 



Like very 
much 



ERIC 



II. Please rate each of the following parts of a module wherever appropriate. 

A. Written instructions: If you circle "no" or "sometimes" please explain on 
back of page. 



1) Were the objectives of the module clearly stated? no 

2) Were the written instructions interesting? no 
B. Activities: Explain "no" or "sometimes" answers* 

1) Were directions for activities clear? no 

2) Did the activities help you accomplish objectives? no 



3) Did you feel that you were actually involved in 
doing the module? 

C. Visual aids: Explain "no" and "sometimes" answers, 
(slides, filmstrips, film loops, transparancies) 

1) Did the visual aids help to explain the topic? 

2) Were the visuals clearly presented? 



C-1 



no 
no 



sometimes 
sometimes 

sometimes 
sometimes 



sometimes 
sometimes 



yes 
yes 

yes 
yes 



no sometimes yes 



yes 
yes 



3) Were the visuals interesting? no sometimes yes 

4) Was the amount of visual material appropriate? no sometimes yes 
C. Audio tapes: Explain "no" and "sometimes" answers. 

1) Was the voice pleasant and easy to listen to? no sometimes yes 

2) Was the explanination clearly presented? no sometimes yes 

3) Was the rate o£ speech on the tape satisfactory? Too about Too 

slow right fast 

III. How much time did you spend working on the module? hours min. 

Did you master the module? Yes No At what percentage level? % 

Was the amount of time required to do this module appropriate to the job 
being learned? 

Needed more time About the right amount Too much time 

Do you now feel competent to do the job you learned in a work situation? 
No Somewhat Yes 

IV. How would you change the module if you were to write it over? 

V. What other questions would you ask if you were evaluating a module? 



VI. Please add any other comments you feel would be helpful in improving this 
module. 



r-^VII. 



Submit with this evaluation a list of questions you had to ask about 
unclear points in the module. 




FLOW CHAHT OP r.^iJULfS 




a B-.3 
Basic 
Ecology | 

A 



r 



Anatc-ny*\ | 



r-lom-nol, I 1 Ccncepts 
Anatomyl r ^1^, of 
Phys. II [ .^iiiology 



f> *> 



tion I 



Genetic? 
• Gene 
Acticn 



Growth 
and 
Dcvel, 



Animal 
Behavior 



1^ 



5in»plc I 



i^' B 
Analytic 
Balence 



TTioi r 

,//is,tiC[hlL>; Analysis*. 



pH 

Meter 



^ Conimon I 

Analysi' 

Non- 
Hetels 



if c-1 

Intro* 
to 

Chfcmitstr. 



>!Aton»s, [♦{W Oxid 





# 



Chemistry 
Concepts 
ond 

Skills 



tCri Infrared^ 

i ColloidJ 
1 

1 



Chemical 
Cnlcu- * 
lations 



J Gns 5 

ilrJi 




C-.6 ^ i ffipmislry 



tions 



jet- ^4 Snrifa j-^J Auto- 



Pipet 
ting &, 
Syringe'^ 



# 3: I j 

.^^ Aseptic ?i'Cs^.'^R3fcpara«- 




i Technique Iticn of 
I I iKcdio 



I Organic 

<^ 34l| # 35 I if ir^try 
.U Basic I 



Slain •g? i'^P 
TechniqJ -.'n # C-ICj 

Ichcra- 



it 23 
Blood 
^ near 
|i'*jchniqu{;^ 

Rule 



I Intry ^ 

*Iiio- 
i technical 
SJ^ilJs 
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if 3 















nnd 




;Livifuj 1 










^ , y\ 



end 
Taxonomy 



I? 

Evolu- :n 
tion I 



11-3] 
LcoJcgy 



GDncticn 
- Gene 
Action 



O 

G: owlh 
find 
Dcvel. 



P j »J 

Phyy, II n fWoXncjy 



1 i.zvzrtnMj^.*^ 



Animiil 
Schnvior 




1 






# C-2 




Atoms, 




Kolcculc£ 


J i 





Oxides 

r\cid,U£5Str 

: Salts I 



36 




# 32 




1 f 


Pipet- 


<: 


Serial j 




ting L 




Dilu- j 


[ ^ CliiVD 


1 


Syringes 




tiono ] 
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Chcrni:3l 

latioiG 



I Tcchniquf 



L&ws 



Colloidiij 



Solu- cHlrdiotionJ 



i? CP 



# 34 1 j # 35 I ;| [ 
fii^cpara- |t > Basic t '] \ 
lien of J f St«in*g| 



C rganic 
Chem- 
istry I 



iMcdin 



ir 21 
Insect 
Identi- 
ficat*n 

Dat^ 

Process* 

Tech. 



V/otcr 
Analysi!^ 



1l. 




H 23 1 
Blood 1 

i Sncar 1 


■ #24 
, Basic 
Blood j 








T'jchnir^url 


Tyoira i 


! \ 

i 1 — — 




J.- ij-aif" — 



Tcchniq*^ ; if C-lq 

|..ctry 

^Bio- 
technical 
i 5};ills 



|)nathc- 

e \if!.3tical 



f # 20 

'v'dBosic ■ r t' 

Istolis- Ui'oaulc^ 
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Intro, I 
in Sci, I 

V 

Hccorcl I 
Kccpiny f 



FLOv; f.tiAiii C.F t;3L'iit.rs 



"4 



Anclytir J , - 



6 I : u>l I f/ 111 



Pnpnr 
togrophy 



C*iroinn- 
logrr.phy . 



tr.etric | ptjctn*- j 

Ann! vni«-. S I ph^**^*:V J 



Che niclry 

^ urn! 
! ^3 Skills 

\ 



# 7 
pH 

licter 
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Intro. 




Aton)3, 




1 *° 




M:>lcculc£ 








?or,Tohlci 




An£3lys:r] tTitri- | 
Kon- I Lmntric I 
M.ctols j !AnalysiD|. 



CDlloid:; 



PipDt- 

tir\g L 
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#22 j 
Voter 1 
1 Analycifj 




1 











# C-4 
Chcmicnl 
Celcu- 
lation-i 



Gos 




Crgnnic > 
Chcm- k 
istry k 



.Uc- 



t hen- I 
: stry f 
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si>^'Mt.Nr^of u josn ~ """"" "* ' ' 

This iiiocK)]c- is do^lt^ncd to do tvo fhingi>: (1) to tell ycu abouC tlio 
science t'oc;xnoloii;y program and (2) t:o dpjnonstrato uhat a wodule 

TNgyr.ucTioN'AL Oh n:(:TiVi:s 

After coir.pleLiug tiu'.ji module, thfi stuocnt should able to: 

1. ,Li«t and de&cribe the nine corriponent;; of a modulo. 

2. Name throe advantages of modulrs. 

3. l,ist live kinds of science technologists employed in the northern 
Virj^inia area. 

A. Explain how one "umbrella'' program can train several kinds of 
technicians. 

In the module box you will find: 

color slides a cassette tape a booklet, '^The Use of Modules 

in College Biology Teaching." 

In addition yoa v/ill need: 
' a slide viewer a tape player T7ith headphones 

KODULK 1 Record KecpinR 

STATOIECT OF PU RPOSE 

The purpose of this module is to develop the skills pf accurate observation 
and careful recording of data. 
INST R aCTIONA L ORJ irCTIW.S 

1. Given a record kept by another techuicif.n, list at least five in- 
stances in which the record is iucoi:iplete oi inaccurntc. 

2. Using the record from objecti.ve 1, stat€ three qualities of a good 
record* 

3. Given the in.^tructions in this module or the presentation of datci, 
prepare tables and graphs which clearly reiiect obi; jrvat ions. 

4. Using a bound notebook snd the specif icetions provided in this nodoJe, 
kc-ep a complete record of all your activities in the science Icrhuol oj.y 
couri^C'S so that yof.r instructor can assess jour progress at &u • imo/ 

In the iiK)dule box you V7ill find only the sti dy guide for th?5 luodule. ]n 
the cabinet V7i:h the modules youvill fi)>d a' no teb ook whi.cli has sorno satojile 
data sheets wh' ch are actually used in various faboratories in the area. 
In addition you vjill need: 

a bound notebook to keep records in (8-1 x 11) 

a loosfeleaf notebook to keep the niodule si.u^y guides in 

a pack:aj/,e of graph paper 

KODULE 2 Ust^ of.Siriple IKHlances 

The purpope of this iiiodale is to teacii the skill of using siir.;-^lc balnncc*?-- 
double pan and beam balances- to weight soliis and liquids to* the nciiivs-:: 

0. 1 graiA. 

1. Given sani;)lcs of .wlidK =^.nd liquids, a double pan balnrco, vrricrliLs c,-) 
other iJupnijos, veigii each n.-^rr.pJc accurately to the ooarest CM f.riu 
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1. Givmi namplcis of solids and liquids, a b.am balance and other 
suppliers, vcMi»> cnch i^r. .;>lo accuroteiy to the nearest 0,1 grain, 
3, Using oltln^r a double pan balance or a double pan balance, weij^u 
sanples to a specified v/eight to the nearest 0,1 gram v:ith Jess than 
n error, 

iKnj'.MRirrci^vS 

in the module box you sliould have: 

a beaker weighing pape^ ^ a cassette tape 

a spatula a bottle of NaCl (table salt) a set of color slides 

In addition you will need: 

a double pan balance a beam balance a slide? viev7er 

a set of weights a beaker of water a tape player 

MODULE 3 Use of a CoTapound L ight Mi croscope 

STATKMKNT OF PURPOSE 

The purpose of this module is to teach the skill of using a compound 
light wicroscope. You will learn to use the microscope to magnify 
objects at v;triou5! powers of majsnification including the use of the 
oil immersion lens to magnify 1000 times. You vyill learn to measure 
the diameter of a microscopic field and to fccus the microscope on 
several focal or optical planes in a microsecpic specimen. This module 
uses prepared slides exclusively; to learn tc- prepare slides you v/ill 
need to locate niodules on slide preparation. 
INSTRU CTIONAL OSJECTTVES 

Pvead these objectives over before you begin the module. Refer to them 
frequently as you go through the modular prof.ran), V/hen you are able to 
do all of the things specified in these objectives you will be ready to 
take the post-tost to deii^onstrate your masteiy of this module, 

1. Given a compound light •microscope, demonstrate to the satisfaction 
of your in/;tructor the function of the follovJ.ng parts of the microscope: 
ocular, objectiv^e, iris diaphragm, stage, course adjustment, fine adjust- 
went. 

2. Given the power of magnification of. an ocular and an objective lens, 
calculate the total magnification with 100% iccuracy, 

3. Given a prepared microscope slide, deinonrtrate the use of the 3*5x 
objective to scan the slide and locate the threads. 

A. Using the sune slide, demonstrate sw3.tch.lng objectives from the 3,5x 
objective to th> lOx objective to the 40x objective- To be acceptable 
your demon?;tration must be done efficiently end with a mlnixuim amount of 
refocusing with a par- focal microscope- 

5. Using a transparent ruler, determine the diameter of the micros<;opic 
field for the 3-5x objecti.ve and for the lOx objective with a lOx ocular 
in both cases. To be acceptable the diameter must be correct to the 
nearest millimei:er^ 

6« Using each objective and a prepared ' elide, demonstrate three focal 
planes in the object on the slide to the satisfaction of your instrucU)r- 

7. Given a prepared slide of clearly defined cells, estiiratc the length 
and width of rectangular cells or the the diaaeter of round cells a.s seen 
under the microrcope, 

8, Based on yovr work fromobjectives 6 and 7, explain why cells ap-K ar 
as flat, tv/o-dimensional objects when in fact thc^y are three— diucnsioiinl 
sti-uctures with' volunic. 



9. Given a invp.^rfd cliclo of clcnrly di^finc'd cclU., denoiKU r.>le t hi^ ii£>r 
of Uiti oil irv^crr.ion Ions. To bo acccptaMc, yoar iK'iomi:r:\UcA r.iu;:t 
include application of inmjcrsion oil, adjustinoU* c»r light, anJ focnr.inr. 
the nicL05copo \:itii the 100>: objective in place. 

In tiio ii'Odulc. box you should have: 

a rJide box containing: a bottle of immersion oil 

colorod thread slide • transparent plastic ruler 

a nev;sprint 5;lidc cassette tc-'pc 

Allium (onion) root tip elide a set of 20 color slides 

a clean blank slide a role of tr::nspa).cnt tape 

several other assorted slides lens paper 

In addition you will need to locate: 

a compound light microscope with built-in lij;ht and four objectives 
a cassette tap6i player 
a slide viewer 

MODULE 4 Metri c Measurements 
STAT Eim CT OF PURPOSE: 

This module will teach you the basic ideas about the metric system. 
INSTR UCTIO NAL MB JECTIVES 

Upon completioi of this module you should be able to: 

1. Explain th- need for standard units of measurement. 

2. Identify tl-.e meter as the b^ Ic unit of the metric system. 

3. Identify ti e fact that the metric system is a decimal systcr;, with 
standardised p::efixes for indicating multiples and fractions of the base 
unit. 

4. Identify e::ponential notation as a convenient method for identifying 
very large or very small numbers. 

5. Associate (he appropriate exponential expressions with the standard - 
prefixes of th.) metric system. 

6. Identify tlie metric standards for length, volume, mass, time and 
temperature. 

7. List the m.c re commonly used units of the metric system and give practir-al 
examples of the.ir use. 

8. Uistinguisl between masn and weight. 

In the Module tox you will find: 

color slides (prepared from film strip) audio cassette tape 
student review sheets manual with answers 

In addition yc i v/ill need: 

a slide viewer a tape player with headphones 

KODULI- 7 Use of the pH Meter 

In this module, you will learn to use a pH meter to determine the con- 
centration of a^ids and bases in solutions. Tliis technique is vridcly 
Uf.ed in a variety of technical tasks. 

TNSTFUiC/nONAI^n LJ^C ^^IVl'iS 

1. Given a pll rioter v?ith electrodes imntersed in distilled Wcit-r, correctly 
set up- the v.:f:ter for the med^jurement of pH. 

2. Given a pH meter correctly set up for mea^juring pH ::nd selocled buffer 
tablets, accu>alc3y standardi-e the pH meter at thiee differcn: pH valuer. 
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3. Gi"tsA an accuraloly r.tantTiuli::co pH sntifcr nnrl ffvc f-rnn],-, «f ui- 
pH, -.suflMiro the- i>]\ of f.Hcl. snnple to flu- neatest 0.05 pH vnic 

In tlic ir.oviilc hoc, you should have: 

3 vial«5 of buffer tablets 5 unkuo^.-n nnmplei? 

« set of coloL- filxdes a cassette tape 

100 ml. j-rnduated cylimlor 1 ccntigrndc thcn.uwc-ter 

tissue paper vrax nfukinii poncil 

Jn addition you will nc-ed: 

a Coleman METRIOK IV pH iietcr (ar.k a lab assistanl: to move the pU 

meter. It is a dell.cati; instrument and must be handled with cave. 

Do not plug it in until you are instructed to do so). 

3 beakers (about 2r»0 ml. siae) 

distilled water (at least 300 ml.) 

a slide vic'er 

a tape player witli headphones 

MODULE 8 Analytical I'.nlnnee 
STATEMENT OF PURPOSi; 

In this module you vill learn the skill of weifihing n.atcrinls on tlie 

f .^A^i, ^^^^ balance is used to weigh samples accuratt^ly 

to ± 0.0001 grstn. 

13^lI£IlQI^^J-. ■ ?i?.tecti\t: s 

1. Given an analytical balance and weighing papers, balance the opposiuP 
pans with a weighing pnper on each pan. Thi:; must be done with 100% 
accuracy. 

2. Given a specific cample of NaCl, find the mass* of the f^mple to tbo 
na^ .-est 0.5 mg. ' 

^^'^ icc-cssary equipment- and materials, prepare a 500 jng. Ea),v,ie 
of IvaCl accurite to 0.5 mg. ' ' ' 

I MPLOIKH rh-RS 

In the iiiodule ■)ox you will find: 

a set of color slides ' weighing papers a spatula 

a cassette tap. a metal slug a bottle of NaCl to 

prepare a sample of 
500 111" 

In addition ycu will need: 

a VOMND Analyse Balanee with weights and cleaning bnish (Ur,c it vhore 
it is, don't move it!) 

a slide viewer a tape player with headphones 

KO.KTLE 9 Vsi of the nissectiufj Microseopn 
STAmiK^^^^ 

In this inodulc, you will learn to use the dissecting micrescope to s.-e 
faxrly small objects more clearly. Host of the objects you x'iU obsc-^v- 
w:.th the dxsrectmg microscope arc visible to the unaided eye but can " 
be observed or dissected with greater ease using this microscope. You viu 
also learn to use the dissecting miciosccpe to better obcorvc what you 
are doxng xn che dissection of a swiill organir^i. 



1. Given ail it.:jv-Kf o7"othcr y.-.v-^M hxxl. mcroscopic j.»cciii.cn cm nicro- 
scope slice, focus tlu. dissccLinn microscope sluu-^ly on the «pc:ci,.,or. nf 
both lOx and 20>: Rsgnificntion. 

2. Olveu a dl<,i,ctt.iiip pan» pins, and a preserved spcrimcu of nr. c-'-lh- 
vom fasfon the spccimpu to the. pan and iocus liho dissocLing jnicroscopo 
sharply on the ...pocimon af both lOx nnj 20^: nngnif icition, 

3. Given dissecting tools includinj; glass ncodies, no lookin- thiourh 
the cUftscctmc inicrosfopn, expose the clxgentivc trac. " the earthwojTa 
completely vith a P.iuir.iuii! of disturbance to oUicr j;tr..cturc« in tlic earth 
vonr.. 

In the module oox you should have: 

microscope slides dissecting pins 

a C£ssotte tape • ^ sot of color slides 

dissecting tools (scalpel, scissors, dissecting needles, glafjs noedlec) 
Tn ndditxoii you will need: 

a tape player vith lieadpliones a pre»ervcd specimon of 

» an eartiiworiii 

a slide viewer « dissecting pan 

n diysectmg microscope 

MODITLK 18 Cmpnta tlons 
Sl'ATE?-!r:K'T OF F. im.' il!: 

The purpose of this module is to provide a short rc-vicw of certaiu jiiath- 
cmaticnl opera :ionjj such as factors, products, povjers and scientific 
notjition. The niodule introduces the mtheiuatical basis and develop:r.ent of 
the slxdc nilf ;md when you complete this module . you Kill be ready to do 
module 19 on the slido loile. x > lu 

1. Given any J-roblonus involving f^.ctors, products and/or powcrn, solve- tl 
prob]c!-!s w).Lh ;iO% accurficy. 

2. Given any i.unbers exi^rcss them in scientific (exponential) notation 
and perform th-; indicated arithmetic operations with 90% accuracy. 

3. Given suff:.cient infornaClon about f.uy wssurcmcnts, determine' the 
accuracy of meisurements and solve the problcais with 90% eccurary. 

4. Given any i rohiems involving logarithms, solve the problems with 907. 
accuracy. 

5. Given the ciscussion of the developjiicnt of slide rule scales, state 
the niathctnatic il rule involved in such scales. 

PIPI.EMF.NTKRS 

Tulorfil-.a - Welch 7722D - A r.othematical Introduction to Sli^ie Rulo 

Fundi-.m f-utals ' ~ ■ • — 

AUTCfUfOR Il!\CinM!-: 

mWU-: 19 _S] Ido Kule 

This Module vriM iiulp you to beco:.!o proficient: in usip-^ the slide mlf to 
multiply, divide, Lake squares, square roots, cubes and cu'jcrootc- ar-i vc i- 
vith reciprocals and proportions. 



!• Civ^rn any M!u?bt-r on oithc^v too D or h Eccle> fi?)il it!:. count'^j»r,i i: on 
tiio opposite scale \:ilh 90% accuracy, 

2. Clvcn any t\;o throe-rfigit numbers, milLiply on Ihc slide rule, fttid give 
tlic product in throe cij^nif icaiit Jigures vilh 901\ r^couracy. 

3. Given a divisor, dividend and slide rnlc, find Ihc quotient in throe 
significant figures vitU 90% liocuracy. 

A. Civcn prcMcins vUnt require both multiplication and division, nolve 
to three sif;nificant figures with 507, accuracy. 

5, Given problaus v^ith extremely iarge ot s'.ncill nunibrrs, solve to three 
significant fij^tret; and put aus\rer tn correc: scientific notation. 

6. Given any number, find its reciprocal to three sif^nificant figuroft xv^ith 
90Z accuracy ♦ 

?• Given any proportion problem, solve to ::hrce significant figures with 
90^C accuracy • 

8, Given any number, find any of the following to three significant 
figures with 90Z accuracy: square, square root, cube, cube root. 

In the module bo>: there should be: 
slide rule 

tutor films: Velcli 7722-Al Slide Rule Fundamentals Part I 

Velch 7722-A2 Slide Rule Fundanentals Part II 
Auto tutor machine 

MODULE 20 Ba.^ tc Statistics 
STATFniHKT OF PURPOSH 

This module is designed to teach some basic concepts of statistics and to 
deniDnstrate a fcvr applications. 
INSTRUC T IONAL CUJEG TITOS 

1. After conrpleting this modular program, define the following termr.: 
descriptive statistics, inferential statistics, distribution, frequency 
polygon, mean, median, mode, standard deviation, correlation coefficient, 
standard error of the mean, t-test, clii-square, 

2. Given appropriate data, calculate the me m, mode and rticdir?n for a set 
of data, with 90% accuracy (that is, 907* of the infox-mation asked for in 
the test items must be correct). 

3. Given appropriate data, calculate the standard deviation of the data 
vith 907o accuracy. 

4. Given appropriate data, calculate the correlation coefficient between 
tvo variables with 907* accuracy. 

5* Given appropriate data, calculate the standard error of the vaeaa viLh 
907» accuracy. 

6. Using the t-test and appropriate statist '-cal tables^ dcteirmino the value 
of "t'^ and the probability of obtaining the ovservcul difference between 

two means with 90Z accuracy. 

7. Using *'he chi-squarc tcc!mique and the appropricu: statistical table, 
determine the value oi' chi-squa)-e v^rA the probability of obtaining tho 
observed differences from the exi>ected valuer, with 90''. accuracy. 

The only material you \?lll need is this "itudy guido* If you haw acco5;s 
to a desk calculator and have ho;i"ione I uhov you bo\? to u^e it, you will 
be able to do this module more rapidly. You do not ncal to •jicnor>:iC 
formulas. You \/ill bo able to use tiiiij stud> guide v?hile t?i?p'ng Liie post- 
test. 



s:^'\i]i^"i:ii>iij:iiiiv^^^^^ — 

•Ihr i.urpooo oi t-!.i..ri..c.au1 e to teach the skill of findin--, a .spcc-rf.\- 
the V.hiU' -f rinju d i'gcLIc: (Craohojiniithus) . 

K Glvon exrnnples "oif aa in.sect's r.axr. host plants;,, identify thc-.o host 
plants wirh &j% nccoiacy. 

^l-M/'in.T/ '^^'•"■'P-" ^■'-••^'■^^^S -sCsn on hosC plants, identify those .< ic;..; 

i;d.-fvJF,1nn! ^"'^'^'^""^-^"^ - ^'"-n, dc:.or..Lr.Lc this know- 

iGojjC v/itn lOO/j accuracy- . 

Department of Agriculture Bulletin Ro. 550 cassette tape 
2 feeding sign charts cassette tape p3 -er 

Graphognathus .peci.-.cn • ^i,-,,^ ^.^^^ ^ 

o color slides 

MODULE 22 Water Analysis 
S:-\l'M i;\'T QF PURPOSE 

The purpose of this raodule is for the student to learn basic method, of 
water analysis for the following qualities: amruonia nitrogen, pli ' 
^'^Z^J' T"' ^7^^""' phosphorous; silica 

poJlution "'^^ '^'"^ ^^^^ contributes to water 

1. Given the ^.quipment provided in the v;ater pollution kit, use any tester 
samp.e you enoDSe, corT:p:ete each of the 11 tests and rcoort your SnUs 
accurai:ely. <..>^-i- ^vi^j. j.t.,aics 

2. After cciiip cti.^g the modular prosram, describe hov each cf the H ai-V-i 
^l^rxbu-e to water pollution and explain .hy it is ha.ardo^s ' 

Student- i:ork Sheet and Guide Water Pollut^o-. K^t 

5 'l%^h''/' i» ^ ^1-- by the stud;..L- fro., any source 

MOriTLE 23 BloQcl S:Rcar Techn io'iu: 
STATl:iIi-NT OF PlIKgOgj^ 

The purpose of this modulo is to teach the skills of inp?:ing a blood 
smear, Suninin; it with V/right's stain, an-.! identifying; sovoriii cell 
types. 

INSTaUCriO MAL ODJFC TI\n-:S 

1. Usinj;: the sqiiipr.^ruf: provided, prepare a 'd\b\ sincotli blood swar. 

2. Stain the suiear v/ith Wright's stain so the cell types are reco'»- 
ni^ablc. ^ 

3. Identify correctly the follotcing cell t}per.: er^ throcyres, 
eosinophils, bisophils, neutrophils, lyrnpho':iyto'5, nic;.ocytcs and tiie 
platelets (vjhi^h arr» not strictly speaking t'mo cells) 

iMPi.KM!:Krj:u:; 

In the module box, you will find: 

colov slic'c^s uiade from s film strip alcohol pad;> 

casr.cttc tape inicro:.ccp- slid^.- 

blood Inncet ^ dropper bptiJe IJvichtVc f>tnui 

In addition you will nc^o.d: - 

paper tov-eX^ a cowfouud IighL nicro-^c^po 

a slide viewer a tape pJnycr vUu hi-^ci.:.. n^i^ 

a copy of Module PuMicalion - on roservo in libr<*ry. 
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*lhis '.n^duji d(-:>i [voctl to toach you a stcu-by-rt op prcv.*^i> fov c'l t .'i^-iirilnj; 
a blood type and to e>-plc*ln some idons about; linuisfu.sioi'. 

AiLer co.ij^i)! eli-'^i ^'bit*. inodjle, yoit r,!^ould be able t:o: 

1. I.j.sL' fov.r human blov^d t^'pes ri:d tht percentage of each tyx^c. in rhr 
popu]aL5.oa 

2. r>:i)]ai.n V7h}> a person must receive his or her own type of blood. 

3. i:xp3aln why anti-sera are used iTor typirp. 

4. D:;t:e.rini:ie correctly the blood type of a sa?tiple speelnson. 

jMPLr>;]:NTF:KS 

In tiiio kit you V7ill find: 

color slides (prepared fron a film strip) an audio car^f^ette tape 
anti-a sera anti-b sera 

sterile lancets ^ cotton sponges 

stirring spatulas slide guide 

In addition you will need: 

a slide v^iev/er a tape player with h. 'phones 

K0Db7.E 31 Au 'ocl ave 
STATKMI-NT 07 »R P05K 

This module te.'che.*; the basic skill of operating an- autoclave to sterilise 
materials used in aseptic techniques. 
IKRTRUCTIOKAL «'?BJECT}An]: 

Given the iust auctions in this nodule, stcrilixe a rnixod load of laboratory 
itiaterials at tie appropriate teirtpcratux"G and time to assure sterility^ 
l/H-'bLMRNTRRS 

lu the nioduio *)0X you V7ill find color slides. You v?ill al.co need rcccsh 
to the autoclave (Castle Model 999-C) and sone :.aterials vhich need auto- 
claviug. Chc:k with your instructor for these materials. 

MODULE 32 Social Dil utions 
STATL ^:ENT OF F IRPOl^l!; 

This module vAAl teach you hov to make accurate serial diluiicns. 
TNSTPUCTjQXAb OB.TKCTIV ;:3 

1. Given a bottle of safraniu, pipettes, aur* four test tuben^ accorctoly 
perfoi7o a serial dilution in three minutes. 

2. After cor-pleting tite module, eT-cplain (a) how to reach a 1:300,000 
dilutiop.. a i'xG dilution (b) \vhy a clean pipette is v-scd 

In the module box you uill find: 

color slides four t^-st tubes 

safranin dye solution 

In addiLicn you V7ill need: 

a beaker of v-arer eight 1 idI. pi.pellos 

a slide viewer . a test tube racl: 

HOriTLE 33 K:.c-ptic Techniques 

_ST xTi'JMCKr OF ri>?vPOS]': 

Tins minlcoursc instruclj; the studcrt in sonic of thr» bar;ic tecnni'.»uo.^ 

used in thv. study of microbiology. Jp.cludod are i t)sti;uf't5cu/5 on iiov/ to 

i..nke a trar<*»i7er and \:v:> Jiffeir-nt is(?Jaf:ien Icchjiiques ulilitr^'u^ a streak 

plate and a diluted poar plate. 'J'ho ir.poxiavc- of using ixcK'{i\:lc Lcchvu^a^^ 

is strcs.sed rhiougbout.. Tn addJ.t'»onj the rol*^' o nn' cronrf.ani <;^\> In the 
envj ronracnt ^nc their rel ••if ion';hip Id man is 'irt; f^fKivN'^d. 
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Upon coj.olcting this nir^icouxse th^: stuclcn:. should h? aM c to: 

1. ii;}sr'. ibo dj rr,.v,^.nees bctiwoon tbe naUir^.l onviroiii.MVc of I'.io ]iurrol)ja] 
vorld and th.- artificicl environmcut crc::tod for nnlc robes in tho laboralory 

2. Givo it.'^j?or-^ for creating an artificial environi-ouL for cuJ taring 
niicroorj-;inisiafi iw the Icibornto^y . 

3. l)cr'C.;Lbc the ori^^ui and propcrl-icr. of a:.ax and explain why it js 
useful in r:i,crobiolo^y. 

4. Perronvt a tr:?nj;f( r of brtctCi-ia from a liquid stock cultort to a 
sterUe niurl-nt broth tube given a broth culture cont.nining tvo specios 
of bact-rici, a sterile mitrioTii broth tuba, an inoculcition loop -nd n 
bunscn burner. Boch tubes must be .T.nintainod free from cont,.irilnution. 
Acceptable pcTfonnancc is a contmsunation-f ree cultuie, dcteralned by* 
making a slre.^k plate in which not ruore thaa tv7o kinds of microorganisins 
are presenL'. 

5. Perform i:5olation of bacteria using the agar streak plate method, 
given the nevAy inoculated broth tube and a sterile nutrient agar petri 
plate. Acceptable per£orr>ance will be duzaonstrated if the plc'te shows 
V7ell ^'r'p'^rc* t ed colonies. 

6. Prepare pour pDates of a serial loop dilution in order to isolate 
bacteria from a mixed and concentrated culfiro. Acceptable per form -jrce 
will be d<?nonf;trated if a plate with well saparatcd colonies is produced 

la the module box you will find pictures of. bacteria, a film (8imi. movie) 
a cassette tapa. You will need a tape player with headphones and an 
8 nm-. movie projector from the audiovisual department. Check with the 
lab assistant to obtain the rest of the materials listed on p. 3 of the 
instructor's g,uide. 

KOK'LE V, Pipej^tinp, and^Syrir.pes 

This module w/ll teach you how to use and cire for pipettes and svinsics. 

After cen-.pleting this module, you shoule bo nblo tor 

1. Care for {.ipettos and syrir.ges properly. 

2. Fill and c.r.pty a p- „e correctly and 'iccurately. 

3. Fill and cir.pty a r-yringe corractly and accurately. 

iMPi.K:x;n;n:RS 

In the v.iodu.le bo:: you will End: 

color slides cass.itte tnpo 

test tubes safjv.nia dye 
In addition yoa vjill need: 

slide viewer tape player w5!-!» headphones 

test tube rack i . ^ud 5 . pipettes (blow-out 

and 1 on-blov7"Out type) 

syringe with needle (disposable) 

J:o j:ebn:;!LiI-Le_f.\n^^ v^p.. you rro finl-^'-vd 
viLh ir. . 
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This TuodiTfo viil give you a bif,ic Unr^^l '-dgc of computing sycLcir.s, l:t>n\»in- 
o]o^y, pro>cr;r rrt;r:^ and nupiborins K.y:>lc;r.is so you will be abJ; to interact, 
with a dat:a procrrsiiM; dcpartip^nl, 

l7 Tf'tT in f^Ji^ucnce :ind der.cribe the five j^l'cps '.iu any data piocessiniv 
problcTTi. 

]:>:p]ain ho'-r niurjeric cittu alphar-ioric dalia :irc ropresenlod on a puncl^eO. 
card, 

3. Define or rleocribe binary, deci^ml and hoxade.cimal nurabcv syste^ns, 
Tiagnetzic i^tora^c, tape sLovage and disk storage. 

4. Explain briefly what a computer prograia do:\s nud include iu your 
t>xpl< nation a definition of each of the following: conditixjnai bjrancho 
unconditional orapcli, loop and arith:v,otic operation, FOrJUtSN, COBOL, PL/1. 

IHPLKI'IE NTERS 

you v.'iTl need the progr^Tmicd instruction book entitled Z^rnryyXinz^Sy^t^ip/i 

l\indatr,cntajjii Q.'^ylLil book v^-'ich is on reserve in the learning resources 

center. 
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porrics ci* luj..:an ^oil^ r.wO iiss^»^os throngh ilui i of a proprv.u i.-u {rxl. 
In ad^*iLio:i i!km''/ iirf* pliodonr-T./hic color >stidcs of iol) or-'M-^^Jlc:^ r.-ia 
v)5cro^'r'wpt.' r.lidf^ oC vai'ivvir- cell aud uisr^ie lyixT^ 

p:iyi--'''0 o::\ , elc'^^J.t:. i:U:cn, hoIccuIc, c>:i;j;'»c>;;avl> c'IocI'johj iiotv'.ii, r.ci t roii^ 
ioMj clocCi'oiy'L'^'j proL.pTcrvi inotilitN, ij'ricabil ' ly , i.^ctabal li ^ vcivo- 

2, Artcv co'iV'^-t-'^- 2?:^-, chnptef 2 and vio\/ip.r. the nhot^o^^rrpljic ci'iidv-^, 
doccribc Ihn .slMurluro and junction of each of t-Iic follouJ-.r, co. ^ponoia^v 
of a cell: ccl] i''i*^'-ubfc>no,, mitochondria, Inclusions, niiclciis;^ 7-ibo?o;.»<> 
DKA, Ki'Aj chroT'oGcmOj nuclear iiiembrane^ 

3, Af I cr cotr.plclinj.^ chapLer 3 and viev^lng the* niicrc^.copc rdidvJ*. of 
variouf? (:ypo>s of ticrracs, d1r>tingalsh a.-^ong tha five Lypt'S of tirrMic by 
structure and function. 

In the v.^odult' box you Shou3d find: in addition yoii wJlJ. need: 
iiiici .>ciupe sljdcf of various tissiicr. a coiripound 3.i^;h{: nicror-co^.c: 
pholoj;-' aphic f 3 ides of cells a .slide vic\;cr 

cassette trjpc a tape playc'i 

t.ho progr.ViMind text^ 

Phy^rlology (Cii. i, T :^uJ/5T 

MODUiM': I>4 Hair/.:Jiau Ajjatoisty and rhysio'Jogy J (skin, Kkcletor.j v.rJhclciM 
circr.i.itory rc5 respiratory .<>st9nis) 

Xln'f; r»-d. le will t(.':K-h you the basic sfructurc and function of ih:i /r.tc:.^.r* 
listed in the title. You uill 3c::rn ^^bou^ hv'Mn annlomy f\v?:r. r.^edels and 
the pru[ua:pT.ec iiifti ruct Ion book ycu u.^cd in .noda]f j> 1 . You vlll i^Jso' 
learii .about arotlur T^.-jniual , the fetal pig. by disr:cct:5 a prt served 
spccir r^i. 

!♦ A) ' cr c:^v[ Id in.:^ the i>ro,^,;vnr.ned ins-I.i.ucti.o]i on the intcp^iw ^'^;^y 
sy;5te>T^ dcpcribo di stingaishin.^ chw:/actc^.risticr. of opiden-L , 

and .«-:L;bcut."n. ous ti ^;p.ucj (b) three componc:»t:s of the inte^'ir -i.l besldor* 

skiHj a.id to^i) functior.s of tho inLc-^,i - ^vt • 

2. After conpletij^j tlic p/\>;;ra!a'iied -Jiir^truc ion ou IIk vr.vs:?'^! ■ i i.', ' l-jUnl 
syrA oij, deft'/iibe (a) the dl£tln[^ul:.hinj> c!.::* acter:.f..tic.^ of i—i.^, onrtilrj;.:, 
tendon, ligament, andrivjscJe (b) three kinds of Icvcrt^ fo?.ntd by m.-.-c] er." 
and bonoG» 

3* After conp'Jctin^ objcctivei^ 3 and 2 above and after ccrq/l r t : cinjC.-):. 
Ij 2> and 3 of lirJh2i':f j^iO^j^I'^I'SiJVO^^^ ^^0 lii^i th'-er rJr.xLi-- 

itics and three diifevdves in the huiP.iu and pig Vdce'i otoi- . and (b) dcjK..n- 
str;itr- uith mkit ovm liir.b$; the follo\7in- r.tu.scles: f3r->:ur, e: tt.nsor, c^bduel., 
adductor, votator^^ cony true *'<n'. 
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Aiicv cor plowing the prpf,ra: rune J in.-'cvuctiwa or. I he rcrpir.iLu^^ sy.sit' 
ar.n Chapter of llie Inb.aTtory r.Mnual (a) C'es<ivih? in oiuor iho" j.Luic- 
tvios throuj'Ji \'h-Jc[j rtir duri.rs ip<^>:»i:V:t lo:i and evpirafion (b) de- 

scribe the nv.cijon of each ?;lructui'c end (c) ]f.5;l: 3 siirij Um-K i.crj cir-xl 
3 (15 3?fore;ices in hur.'ia ard pig respiratory syr.tcr.i?, 

5. Aitr.r coi^plf cJnf; t:hc prouranLn^^cl inslrviction ca the clrculr.lory 
sy€i'(v, and cr;aplv-r 7 of t\\o Inboralo;/ )innaal, (e*) Ij.st disLui:;uir!iing 
char.'ic'vr -isticb of arf.erios, veins, cajj^iUa? io$> and U-jr.ph vc:;^(^l« 

(b) trace t:ht {I0.7 oJE blood fhrourji ihc rr v-alimi hca: t (c) liyt three 
isixiJlar ItiGS 2nd tliree differences in tiie huinan r.iid pic, circul^^tory 
sysLe;us and (d) name the parl:(s) of the body served by the fol]cn:ing 
blood vesse]£-: carotid art-evie?^, renal arlcrien and veins, hepatic 
portal vpin, £;ubclavian arteries end veins, and Iliac arLerios and 
veins and hnpatie artery, 

6. After coniplcting the fi.c objectives above, r>iMnii:;^rize in your o^s^i 
\;ords (300-500 v:ords) the function of each syster>i studied and the 
relationships nuong th.ose systems. 

In addition to this pan^phlot yoti vzill need the prograuuiied instruction 
book: Ijasic Concents of Anat omy and Phvr>iolo^;y by Dean, Farrar and 
Zoldos. You \;ilJ also need the laboratory* iranual: Labors;! o w A natomy 
pf the Fetal PJ^ by Odlaug. a preser\^ed fct; 1 pig specimen, ^crrs5;ccting 
tools, a human ske3etou, models of hurH;ia to. -so (naie and fciiiaie) . 

MODjLE B-5 Macallan Anatony II (Endocrine, Kerv'^uo, Gen* to-urinary 

and digestive systems) 
STAT'IMENT 01 PdPPOgE 

This module vUl teach you the basic structure and f'lnction of the 
systeros listed in the title. You will lean* about huT^>an anaton^y froia 
niodels and th^ pro^jrairjiied "instruction book you used in riodule 
You v>ill also learn about another inaumal, ti-e fetal pig, by dissecting 
a preserved speclr.jon. 

1. After coujploting the prugramTTjed instruct ion 'on the nervous system 
(a) describe the- basic structure and functiciu of a neuron, a synapse, 
ir.yelin sheatii, noningcs, the cerebx^irn. cerehcllun^, pons, iredulla 
oblonsata, thalauus, hypothalanus, spinal ruflex, (b) dif feren^iiate 

be ttroen: wot'or and sensory, cranial and spinal nerves, sympathetic and 
paras/iiipathctir: nervous system, central and peripheral nervous systeia. 

2. After completing the prof'.ra:inied instruction on the endocrine syr>Lein, 
describe the h'jrino'nes produced and functicnf of the following glandr;: 
thyroid, paratliyroid, adrenals, pancreas, |,onids and pituitDx-y. 

3. After completing the pro>;ra:rjped instruction on tlie f^enlto-urinary 
system, describe briefly the function of the r.ale reproductive systoii, 
the female reproductive systeni and the urim ry system. 

4. After conpieting the projra-invjd insLiuction on the dig(istive syster*, 
describe briefly the location and function of the fol lov/ing orgauo: 
mouth, pharynx, escphc^siis, stcniach, ti.^ull ii.testlne, large in: os tine, 
liver gall bladder and pancreas. 

5. After complo'iir.r; in the laboratory r.iam 1 chapter 4 - general inter- 
nal anatoiiiy and ch^.pter 5 digestive system, identify for your instj-uctoi: 
the digestive :>igans of the fetal pig* 
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C. Aflor ccT.;<lc:t.inp, ii. liio 3 rtboir.i;o) y r.,;':.'.iv]. chnpter 6 •■ the urof,* 11 i ( .-.l 
.«>yr,L. --•..!, )cit.:M-;y io> n-.- i ir.pl,ru.-tOi: U)^ ColJoviiif, .'-Lni. t , ix^.s in ihc 
fcl-.Tl {>•■>; .viries, ul.-.us, vr.j-.inn, fesius, speii.^^lic corU, uvo; hv.i, 
IJadocr, ki. !•:.->' .-ii.c' r:r:f.cr. 

7. AfU-r ( c'v'lf f in", in (he laboratory r:a!i..i;il cl;;;p!-cr 9 - norvowr. •.•^•rA.ov.' , 
5.de:itifv for your in.', !.ruc for Che foil c.-lhi-, f.!:vuctuY-ef : irionini-.oc , co'";- 
l-ru-.i, cerolx'lU.:!!. ■t'v.duj j.T oblongotn, p?i\';, r:^y thrcu crr.nj )1 iic-ivcf., 
fipinal cord. A.iid spiu.-J :irrve; and In the oyo'r p'.jpi] , ii is, sclera^ Ic-nn 
and rcitnn. 

Tn adc'iLion ic> this nrinphlst, yoa v.'i.U need Iho procraiir^cd i nstraci.jon 
book: I}:J£-L'LS -ry:J^i? Sj_It::ni.^:H rnrrnv, and 

Zoldos. llu 3"bo;::;tory maimni: LaL'oj^ OT£2i»l!£o!TA'_o ..Vfoi I'ij' 

by Odlaug. Ycu will also noed a presen'od^-^^U;!] '*pi.g spcci'.~ii^ 
dissecting IocIr, a huiho.n skc-loLon, wodels of hur.jan torso(i,ialc and fcii.alc;. 

MOD'AE 1J~8 ^]:2_El'-ll'2'^'l<^^Jb^'^'^'l£^i}^ ai"^ C't!!ie Action 

Tliis modulo v'irici) makes use of proj;r^jn;nGd ins rue t: ion wl3 J. give tlic- user 
an introducfion to the basic concepts of ge letics. Thero arc sxk parts 
to the module: (I) cell reproduction (2) b.isic wcndilian Kcnolics 
(3) sov dctenvinaLion, linkr-gc and chrorr.osona rispping (^) complex in- 
heritance psltorris (5) norphology and physi..}ogy of genes and' (6) 
cytoplasm:! c in!terl?ance and population gene ics. 

1. After co-r.ic-:ini; pari 1, define accurately each of the following 
tcnis: cytokinesis, uitosis, weioses, homo' ogous , diploid, haploid, 
y-Y'dotc, gan.-te, c!:roiiiatLd,. {:cfr?d, dyad, synj.psi.s, spr- riaatugenesis, 
oogenesis, croKfi?.ng~ovcr, fei-tiliration. 

2. After completinr. part 2, distinguish be'zwec-n each of t!ie follovi-g 
pairs of tor.'iss: doLTinant ajid rccc; sive, Rer.otypc and phenctypc, houi- 
zy^.vas and ta>t:crc.;ygou& , rsoriohybrid and d;b>-bri(I, gen>> and chK;,T.opo'>^o 
locus (loci) i.nd allele («) . * ' 

3. After couplet.- ng pavt 2 and givca ijuff i( icnL info nnal: ion, de'-ennino 
the. probabilitic; of each genotype and phenotype in any monohybrld ct^.s, 
test cross or dihybrld cro;;s. 

A. After completing part: 3 and given sufficient iufonn.-u-ion, dt-L-envIne 
the nature of the s?2met es (and their co^bin&tions uhcre aDDropri.:i!.e) lor 
c-ich of the following phc .Kw.ena: (a) sex d( tc ri-.iinaLion (b) linkage 
snd (c) chru!r.o.-jo:.;jl i,-!.?.pping. 

5. After cciipl oting p;.-rt ^ and given sufficient information, idonti;'y 
e:-:;i! "icf of thj folio, -ing cciuplex inht ritanco patterns: (a) coinple- 
piGnt;.ry genes, (b) j-olygenic inheritance anc (c) inultiplL' alleJes. 

6. After cc:-,p;.eting part 5, briefly describe (a) gene fi-nction (h) pro- 
tein syntheris (c) cytopla.M-iic inheritance rnd (d) cene /rcquency 
chanjey in poptil.ition ge-ictics, 

Pro,';r.'in'.n'cd 3 us true -.ion book: /^l! Jnt redact 2ca_ t-oJ^iet1c_c by E. .1. Kov- 
moudy. You uay v.ant to refer tTronc'e?": '.ic textb- iisfed under 
refc-rcn-cs (p. xi) in ]:or■<^auc^\■' s bo-i; or you jnjy wanr ro use a general 
biology booh .:<; a refer, nrc,. 
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'ihCi purtKv^c Oi. iln.s -.ijcclule 5.?: lo introduce ^orc basic ccAcoptr; of 
anr.xl br-havior. 'ihosc will ^nclooo n clojTinilion of behavior, the 
fonitiilafion of !iypol!icscf^ and [;oncr:;3 i>:n-ica.> aboiil; lyp^^s of- l.chctvicr, 
Gnc' ?:o.a' r.^pectj: le^truiu^;, cnrj.^unJ cat'.icu, soca-jl blhrvlor r.^u] t;iiv 
and rpnco ori c nl -if Joa. Upoi; ccr.plrllo'; of this r:ocluU , yo,\ t,ho\'Jcl 
hnve iT>^isL<.re:J tho IcJsic cbucrplj. .-^o clot?o(cl the v;i5.i:n?clional 
objoctUvs. Thic level of iiinstcry io cornpnrablo Lc Vhc.i likely to ho 
a^talj^r-d in a gf.:>ftivil biolof.y courffv". As a fechn'rinu you vill he 
better prepared to handle anin:rJ.s and you w>.ll he. roady Lo ]c.irn 
to as.qir^t with rosc^-^rch in aniriiai behavior. 

!• After reac ini; the materials provided, write a definition of be- 
havior which accounts for at Icjast four characteristics of bolii^vior, 

2. Given a list of ovsorvable aninial behaviors, fornr.ilate a hypo- 
thesis that e:^p]ains a behavior and state a i;eneral principle that 
applies to several of the behaviors given. To be acceptable, your 
stateiP.cnt of a general principle niust incorr orate two or porc h^^no- 
theses, '''^ 

3. Given descriptions of several kinds of 1 ehavior, distinguish 
belvecu inherited and learned behavior. To 'e acceptable, your amiv/cr 
mist include reasons for why a behavior is * lassificd as inherited 

or lenrn-i^d or a combination of the two. 

4. Given a list of learned behaviors and any references you choose, 
identify exaropics of each of several typos of learned behavior. To 
be acceptable, your ansvrers r.ust include a reason for each classifi- 
cation. 

5. Given the factors (a) incti,vation, (b) i einforceinent, (c) releasers, 
e>:plr;iu^ljow oaoh of tht factors affect beh.-^/ior in r^o.neral and learning' 
in particular. To ha acceptable, your explanations must deni(.ustr;^le 
th?t you can define each of the factors in iatmc of their effect on 
behavior. 

6. ^ Given a list of animals, select any threeand describe for each its 
method of inirr.i-speeies coirjpunication. To I o. acceplfible, your descrip- 
tions nra9t includtj two distinguishing cliara :teristics of the ccru.uni- 
cation within .iiach species. 

7. Given Uu- resources of titc Wa.^hing(:on 7oo, ii>akG a brief stnjy 
of comviunication ar.'Onf', the aniiuals in the r.oD and write a ?.00 woj d 
report of your ohrrrvations, 

8. Usinf. any rcfcrcncco you choose, describe an exnnple of each, of 
the following types of social behavior: (a) r-.tinp. rituc'^l, (b) social 
do.nin.tnce, and (c) displacement activity. T.-) be acceptable, yoar 
descriptions must include three characteristics of each tvpe of b'-- 
havior. 

9. llsins any Jcfcrcnce'^ you choose, dcscrib » throe difforcnl oxaT.^plos 
of territoifaity. To be cicccplable, your de ^.cripticns TiUst nust in- 
clude thj-ee chrract-eristics of each type of .>ehavior. 

10. Using any rctl'^r^nco^v you choose aiid ar^y iuif;:ble Iceation to m.-^Vp 
observations, cescribe at least three attributes ol c^g.^res^ive bchr-.vor. 



the be*)rivj-or lu.v bcf.^ ol.:;ervcd : M^r au'i.,:,ls. *r(^ be rccopi- 

nbl/-, yo'jr dos^ci iiifJon pui;i- IncluJi ^^'i:o^.• ciw.rpi lor i slics of l-hc 
or ] vl';.vJor. 

tbr; obj'.xlive abc^ve. To br uccc^plcibi , your cchiV- ^.rA i^ musL inulndc 
thruc sin::K.):il 5ojj rnrl Ibroo <lii f ore uoci>. 

i:^^ Uf.i.ni> nay rcforuiocs >ou ohoosc% drrcribr la throo diameter- 
islicr. of bti;^'^^n/)i- v.hxch jnc^icales Lhe piet-^oi cc o/: somo type of 
"biolo^^ical clod:" 'inocl:aa5^ni. 

l/f. Given \'hat you hnvc lea7:nc(l about: bioloai^Ml clocks, dc-r-cribo throe 
ways 5a vhicli sjuch clocl<:55 cnbancc the organi$,;u's chances for survivjl. 

In Lhe niodulc box you vill find; 

color slides; n cassette tope 

a reading lifit a i^criyt for ihr; cassette tape 

In addition you will need; 

a slide viewer a tape player v;ith earphones 

KriP/JLE C-1 lntjT^ductjj?2^t^o^ 

The "purposely f Lrst module in bsr;ic chouus^try is to introduce 

you to the stuc'y of cbemstry - the study of matter. You will loarn 
a UMKiber oi bas.ic definitions and concepts csseptial to more detailed 
st'.'dies of che'-iistry, 

1. " wiUiout reierenec to notcjs, define the following terms and pbr^tses 
accurately: matter, cnergy> law of couse.jn^r.ciou of ir.citter^ law of 
conoeivat ion oi: energy. 

2. Givt:ii a l:Lst ol: chan^-es, dif ferunl rate botueen tho:;e th.^t are 
physicc'J. cha:i^i..s and those that are clio-.ucal changes v?lth 100/ aceuracy 

3. Without rcTrrence, to notes ^ na.ue cavJi give tuo e>;nii?ples of cacli 
of the three states of natter vith 1(K//; accurr.cy. 

In terus of rr.olecitlar motion and enerjo^ c:rplain liov? mr.tter chanr,::S 
fro:i one st^te to another. 

\Jithout re\crence to notes, defJ/"»e the following terns ^ukI phrases 
accurately: elerunt, ccu;.^>^.ad, na:.ture, lav of definite proportioas, 
density, spnclfrc yrnvity, he.:it, boat 3ute»isiLy, 1 -.':t quantity, calorie 

6. Civou the wi^bt and volume of certain nappies calculate their 
density and sprcific gravity vjith 90Z accuracy. 

7. Given any : ei:ipe?;a;:ures on cHther the Celsi.us (Cent ij^rade) scale Ox: 
the Fahrenljcit scale and the eouversJon fonnula, conv^iM'. the leupcraLi'^' 
to the opposite gc?! 1 e uith 90?o accuracy. 
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'jiu, v * tu^ r.»'j-'le ir. to l){**lp you to ».\' f,"^^r ihc ljr.J5ic idops 

a'»GuL r.t^^i ix' ^ *i''La:«j, v^lancc^:, bov: .Tlonjs' coj.vlno to for.i molocv.lcs, 
1'!k' notct:ic'> f ciK::.»i.^.i : \ , f.o\nc: basic Uind:. of CfU^-ric nl 3**. actions, 

1 . \:iruoiM: rcjf^;.l\^^ce ic^ uol:c.s> dcfin? aim), pro(:on, nniJ^on, elect.ruu, 
isnJ'ope, «nlo:!ic nrt\)\,r, ;:i.o?:nc v.»iM'j»Jw;, wil: i lOir/, ar«'H*> . 

2. (livoii tho Atonic pr.iTl iclci; of nuy atoni, drru a d j.;:^*.r^r,ii of thi* 
atomic f;truc! urc: and give the 3lGni5'c nuiMbof r.uJ cao-.ric I'ui^^J I to t\\(^ 
nc«iiesl: v'l)c]<: uiiriber v;ll:h ^0/1. accuiacy. 

3. Witho;'(: '.:eC(M eiic c to iu)ter., define ion, eloctrovulaucc, co-valonoo, 
radical with 90 % accuracy. 

A. Given any set of atoijs or ionc, determine vhcthor Ihoy could com- 
bine cheiP.ica'.'.ly, and if *;o, name t:hc kind of bend vidi 90% accuracy. 

5. Kithout ::efercnce to not'c^s, dcf iriL thoI ciculo, eqvtatiou, rdicuanl:, 
product wit:h 90 \ accuracy. 

6. Given cb<^mic ' names of copipounds and a table of valances, write 
choinical foniulr^w for each coiiipound vith ^XL accuracy. 

7# Given wo^-d equations lor chcrnical reactions, vrJte balanced 
chc. ical eqv^al'j.ons for each reaction vllh 907o accuracy. 

8. WiLlio\tt rtiferencc to notes:, define dissociafionj cl oc^)*olyto, 
cothode, anode, oxidatir-nj reduction, endothcrmic^ exolhonulc, rever- 
sil?lo> irrovcrf^iblo v^;i^h lOOX accuracy. 

9. V/ithoul re?**eroncc to noucs;, list fi\c factor?; vb.ich affect tlie 
rate of a chcro'cal reaction vith 100/^ accuracy. 

10. Given the periodic table as a reference, use it to otplaui (a) the 
relationship botv:cca periods in the table and elo>:lrnn shells a.nd 

(b) uhy eloJMonti: in the i>npe tS*'^'*^M'^ ha^^e si'^ilar properties. 

Krookjs* ]^:^vJc Chc>^'' F^try - Aj>r<>f.2n'V-.t,d_pj esj:M.rat|^cmj Parts T'C and IIT, 
p. 8-36 ™ """"" 

J'O D- » LE C - 3 Ox i d e^ /\cidr>^ ?'iasep and Sal t s 

In this mod'i'.e you \7il] ^tudy the preparation j properties, rcactiom; 
and nomenclature of con'rorly cncouaccred cl?i:>st of inor^^anic conpound.s 
oxidoa , acids, baser: and i;:'lts. 

1. \/ithoul U'fc/.eT*cc co riote.ij define Ihc follov;:'i:g te^Tis \^Lth 100'/,. 
accuracy: o>':Lde5 acid, base, jri'Jt, anspbtOteribr^, liydroly^^is and the 
Bronrtcd- Lo./ .y Tlir ory. 

2. WitiiOuL '-eforence to ijote?:, distinjruish betvreen raetallic anhydrid.\s 
?Tid non-5iett'liic anhydridcr> with rerpect to their naTiU^.s, the.ir r(;ac':lo:-! 
and liie r^ethods of preparlnt.^ theiin, v/Jth 90/^ accu?:acy. 

3. \C».thout vefocnco to notes, describe, (a) tin. relationship ol 
hydro£iCii ion'i Ic the stroni;th of acid.;, (b) Ihe rul(!S for nrju'.n^; ;'cid<.- 
and (c) a ivv'^'hod for prcpr^*ing acidr., x/ith 907. accur-rtcy. 



4. \:itlK«tJt ic^lorcncc lo no: ojs dv^.c*>'ibo (^•." t he ic)i:tls*nr^.:v) of t\u^ 
h-^'-C'xyl i-ri to Li.c rUivn^;..'^ of h;^r,^.^, (b; l/'-c ?ules for p:--;ji:; 1>-S('S 
an.-] (c) a i-cLhOi' for pn,,. m i>a.--"> ncv urrc-y. 

(b) fhr Vvilc:^ foi sallr. nn-.l (c ) IhrLC r.vlp-v'-; fov pr. pnrJ.n;-. r. 

p:U> with yO' /c.c'iiracy. 
FT.. /'5'!/i'.:;S 

I ID i> 'LP. c - 4 c ^ . ;:i£:iL^:^iV-:iO-^™— ^ - 

InT^iIs j.udiTi J >7/u vlll Jesrn to dc cnlciilnt ions iuvolvinr. ^.:^]ccular 
%.^^i^^,ilLr», porcvnfaf.eo and problc^ms iii^'olvin<i v.-ols^it: volnj.ct. 

1. Givou'n laJfccuIar lorn>uli) for any co^-^pouncl and a l:al>3.o ol atror.ic 
weights of clrrv^-^t.s, calculate the iholGCuIar weight of the compound 
end'^dete:'n)ine Ihe v/ei^thL iu r>rc>n;s of a specific nun^her of V;>oles of 
the* conipyund, vith iOO/. accuracy. 

2. Given {;ufficic:ut dnia, dcitcmlno the percentage conpof.i*'ion of any 
clcr.cnts in a coiripound with lOOZ c^ccuracy* 

3. Given a dcscviption of a reaction inclx ding the quantity of one 
rcactant or product, detcminc the wcic.hts of all othor re^ctants ind 
prodi'cus to react exactly \;ith the, p,iven qvrutity with 90?'. accuracy. 
/i. Given a dcr.scriptio.) of a rea'-tion 5nvi Ivinf: a gcs and the weight 
of one substance in the reaction, find the- voluu^e of gas to react 
exactly v;ith \:\\o fAven qiunntity with 20% a':cuj-acy. 

5* Given a dt^scriptlon of a reactio'*) involving tvo or luoro ;iasi'K and 
the voluiac of one ar:s> the vol\*nu: of ':he other fiases to rcc:t 

e:cacLiy vitii the gJ.ve.u quantity v/ith a«. curacy. 

n rook r> ' Ch p;i:ijj: rv , Tart V, p. 49-52 

ThTr> i.'^odj^ ?eal.s vilh the prop-prties of z^sc^ in toiios of 3:oyJ'''r, 
CUcfrley', Da. lon^s, Grah-.ir.' Cay-lA-'^fjac* 5; and Avojv.dro'n 

1/ Given foivair!?^ and data^ ujk: Bou1o*s I-.n- and/or Chavle.^* Law to 
deteii.rLnc an ur.hno«.,'n tc. r cratnre., vol nv» or pressure of a ^yHS \7i i'h 
90?, accuracy. 

2. Given a foi-nitila snd c\rA.:\, uj;e Dalton't- La^v to deueivanc partial 
or total pre'^tjurct." of gc.^e^i in liuxtnris villi 50/1 accuracy. 

3. Givc-n a fon-iula ;-'nd data, u£?e Grc?hsm*s Law to deterav.-.' tl)e rtlc^tivc 
diffn.^iion rale of <in^.es vith ^J07, act urr.ey. 

4. Given a chdracal equation, use Coy-Li.ts^'tC ' s La^'' to deUr.dne tlio 
reUtive voluu i; of each fr.s in the equr.l.i:^n a.id use Avoi^vtid: ' s ].a\r 
to detL'.rininc; the xc]ative nuntbcr of v..oloeutos of cacli <:-r» with ^'0% 
accuracy. 

V.ro;^k.^/ luif>^^^^^ VI, p. 53- iw 



ST.-vr:'»;i..:i O' yi™* 

and ho\7 io ciinxr^s co.iceni vjiti^-o . o£ soliitiou- in pcif:o!i'.r:;oJ*, i^olv-iry 
nomnlify. Vov v?ll learn i-^i'.^ basic i";:;?: ch.ul ni'cl bufici^. 

thi.i; ro'iu::- i^vo hd in i^-'r Cotv.iny r:i!>y of the r'--,:'ils a tcci*.i:icir.n 

UGci> routinely- 

1. Wrr/noiM^Trfcmtcc' rotes, clt fluo tUo follov7iT4'; icrn^y v.-J Lh lOOZ 
acoiT.icy: 5'oUi|-o, colvcnV, 5;clui.io:i, pr.Ciirnl vc; ^:;jlut jo;!, unr.nun aLt-J 
solut ion, c»-pcrn^iturr>tcd solution, cvy.^Uol li:v , nJs^.cibl r^, 

2. Given liie appropriai:e data, ( /rci^s tho porcontn<;c cone out rat. ion 
of a solutrc in a solvor:t: or dctcriuine the c.noual: of rolulo required 
to pr(>parc a givon conccnLration \;ith 30% occumcy. 

3. Given the approprLntc data, c::prei:.s thr r.olar concorl ration of a 
colutc in a solvent or dftorminc tho. ai3».ount of soluLc r;-quirc:d to 
prepare a caveii molarity v/ith 90% nccur;3cy. 

Given tlu approprl^n'c data, e::fro5^r> the norj^^l co:icontrnt:i.on of 
a KoluI.e :n solvunl or dc tcTOiu- the a-:i^oi.ni. of soluLc required to 
props-ire a yj:vn norMality with 9()Z accuracy-, 

5. VJit.ho'ol 'cCorer.co to notes d-fioe tho tcra^, buffer and pll so 
that you ecu d use: this infom;jtion in detevi'^.ininf, pll. 

6. Giv^en (ViV>rcpriate. data, oxploin the ofiect of a soluU* or. boiliu^;^ 
and ivio-nnQ pointj^ so tbat you could dctcnr.iiie cilhL'r the coifjt .tratien 
knowing tbo "^oiling auc froexing points or calculate the boiling, a:id 
free2?ng poi it.? kno^./J:\: the concentre! iou. 

7. Unitit* t:h i piinciplc- of o$K\oshi^ detoimine wbotbicr and hov the rou- 
centration c: \;ater vrould chon£e inr,irie a cell placed in hypotonic, 
isotonic or hypertonic solutions vy^ith 100% .--.ccuracy. 

Brooks' rarl VLl, p. 5S-73 
lAiJfXhy. C-7 Cplloidr. 

In diisl^^od- Lo you v;ill learn about some of. tho pr:>p;.i tier, of coll 
related Lo particles bis.e, electrical char^',e3 snvtc\ce are.-. Sirce 
jnany of tlu: oroblcr//; scitnce tecbnicians encorr.ter l.'ovc to do with 
colloids, thli. n^iulule sh.)»jld bt;usc:ful to yt^i in the future. 

3 NSTPJ 'C:? f ."^ ; .b ^'SIl lYr.-'i 

iT iTuhouf'^'eCt^H^^ »o notes, uvite a dc f lull ion" of u colloid v.'iicb 
vill dis? "aiifaijih it f .i sol»:t io!ii,. 

2. Without referenc e to noter:. list en ex. r/le s.o: differt.nt tyec."^": 
of colloid:^ eased on tl.e types vt mtier tmUIuj^, np I he colloid \;iuh 
lOO/o accuir.cy. 

3. VJithout refers ace to ueles, e>:j>laiu C-^o Tyi^lall ef^ec^ ai»d H:-o-.;u::.n 
iiiovcf.en*- as they leL-.te to colloxds. 

4. \^^ilhout reference te uorer,^ er.pl -*in th'> baslr principle of ol..'^.tro.. 
phoresis in tcnns of colloid?! pionertien. 

5. WitiiOiiL refeiciioo to noteri, de fine ads.'ip*- ^'^-^ -^-^"^ terms of pen lcle 
si::e. 

ft. Without reference to notes, explain th> h.^^ic piinciple of Oialysis 
in ter^a^s of: particle i^iza. 
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J-iMof-;.' i:JL!>.i."l._ Jjin , P.'u-f- VI IT, p. 7/. "'/a 

. C.PLi" " " 

In ::o<!s5le :,cu will l<<irti ..i-o:-.!. v.-riuut, r.-dio... l i v>. p.-ntult- 

JT-^.'..'ji^."..':'I-\L-J?,'. ■' ■'"-1 

1.. IMllioiif )-fJ.r')"!cc lo noL-(G, c^cfiif^ rr.dio;!r.tf\ ilv ;,>ul t^scrii-c 
ts)c t::(:uvc- of nlphn psrLicJrs, hcl.n parCicl.-,?; .m.'.1 pjr r.; . .4 in 
tem:i of Uicir pLiuctuvo, fcrnatioii and ckcay, v.-idi' 91)/ .-ccuvccy. 

2. I-oi. oach of the roUo;?5nH -'Ipha pniLiclcK . lc-t.i nnrLlcit rpj 
pi.i'«n r:.ys, describe- Lhc mUure r.ncl degree of .In:r.,,;.c' fhoy cn-i do to 
l.xvJ.r/i cells v^iLh 90Z accuracy. 

3. VJilhoul reference to notfts, describe briefly t:-ansr::.l»uion. isotope. 
fiRRj.on, nnd fusion. * ' 

J5ro(>i:s' liaulc Ciicmigtiy Pa it JX p. 80-87. 

hOTjJUi C-9 Crganic Chouiistry 

.s".-u i;„io;i _oi£^ IVA' i!;:' • 

In Lh;s inoduicVo'.i will lc;:in abotH the b;-r.ir stnicfuros .-.r.d i-ror,,.-, i^,-. 
of !;,-v'c-r2l tyirs of ory.anU- ccir.r.ou..dj; ; Ivci-cocc.vbon.s ol.o] kc tdc 
alc.ehydvs, Irctcno!:, niaines and n;nino fields. 

1. Given tile cmpiracnl lo)-u,aJ;»s for i^ir.nlp orjj.nii.c cosiviouiv!- \aift> 
stutcluial aa J abbrcvioLcd ior;uil.ns with 90,; nccur.u; v. 

2. WirhDi-t r;frrc:.ce to notes, dtfiiK:\-i!h lOOZ atcuraty tlv foiiowi"." 
t.oi-nis: orgonic co'iipouiid, saturation, ursaturation, pol\k^ri^rti(Mi 

3. Given Kcrjctuicl foru.-ilns for .soloctcd orcraiic conpwiidr;, id,;.Lify 
each Of, a chain, c.:rbocycUc ring or hctcvocyc] ic ri;,.; dfUrn>.;p.> 
w.jcl.-.cr the ompocnd ia sal.tiraLcd or f:n;;atur,itcd wil !: CO ac.ur.ncy 

^. (.i.v«.n striclunO. formyJas for lo'clrocjM.hur.j; , idvutlly alUuf.p:./ ' 
alUenc-::, alUy;.c-n, <-yclop.-.rnf fir-..'., and hc'mouv.n witii 90/1 accuiatv. 
J. Given r.;r-cuiral forwula.^ for haloi.ciaK^d hydrocarbon:, and -T.,-nc 
eubatiU'tcd Lydrocarboics, nr.mc each cciijoupc" accord int. to the- !n--.. ... 
claluri' rulcy, vif;h 901 actuivcy. 

6. Given strtictui al i:ot,^uU:. . n.^iKi t: r cor .ouiid and dcscrjb.- ;>t J.w-^t 
one cluiraclc'-,..st5c proprrty oi: each of th>. ioilovin^ < yp^>c of cor.v>-n-nd'! 
vxtU scci^acy; alcoiiol.---, acidi, ahb h-cc , kU'KW , ai-iro'. a« i 
ajnj.tio acids. 

Hrooks' iJuflio Ciiojni.try, Part X, p. 83-109. 

KOKJU: c- 10 r,ior.b^.;.,iB} rv 

In thiG u-odMlf yo;i Vril learn r.l-out tho b;.sic chcrJcai .stn-cf-.c r,r 
classes or ccpounds found in Jivin? oiganis.p;-; . You vil] al-.o U^-n 
i.one fundanicutal idoao about ru'Labclisr. tlie cheric .l pro- r-'..--. «h.-.t 
occur in livin- oi.;.iuis"s-.. Enzj-mco, vi : ..irdn-s , r.ln- . h^n-> 
and bocy fu.i.d« r-.u? al?.- describc-d brief >v in this r-.-Ju-e 
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}l}s:iL^Z^J'!^:':J^^'^':^OS:^^ \:irbput rcfv^r-rcc to note;;, 

1. c;!i!: • v;itij [K' ^ ,.vi:uv..cy i\r i.cn/.,; i:r.y.vc , ".:st ' , :u.I«:"t.., 

<Io!iychv>,os..'»:.r . or-JJ-^^e, tramfcrayi*, isc "Vn.-.c, vil -if-^ 

2. ciclJi:c ^ ivv fUi.-J* . with /.^icy , thv t-Pis- r.n- 
bol y(Jv;ti,c , Lc;**.'c, PCflcu idii, ciisac rl.:«M'<3c, ;.,rrclKjr id.- ■ . 
anaeroV \ , cr-: A*U\ 

3. vn-jU- a wo>d t q • a.ioh aru') cx^^Liin Ir ' jji^jr^ificun-. . f liit* fol -o^^'Mig 
roccljO':r,: (a) pho* O'-'yiilh-s) r., (i . ao;.::obic rcip i ^MCios'i i^wx} (c) 
eciolic vc^-'M'rr.tion, v.o th..l react ^.n, ?, i'lodiic's nr.il energy cltoi.f.v. 

arc cccoiintc*'. oi\ 

define c::«"<jr, fiihtpU lipiJ, phorpho] ip'.d 50/.' r.cvur. cy. 

5. c^ufirc; oVoin, Jur-phoLcric , DXA, KI\Vv, anr.holic, calraboli.c, 
deaminat ion \.ltU 90/, rjccvnncy. 

6. deivir- hox.'»ono auci i'esci:lbc the* fur.clion of at Ic-nsl: t.x.o hnrr. vnori 
\;iLh 90Z accuracy. 

7. list: al lonr,L C cor.ijj'Oi.cuts of Mood, d<i«cribo the raocliriuisra 

for blood clocking, and v?rJ.tr ;t;o equations, v/I*ich ccl to control Vhc. 
pH of blood, vi.th 90Z accurnvy. 

8. licA: accirtttely five chav^HM.('ri.j:tXci; o:." urino. 

9. dcifiiK* aid describe briefly 5novr,anic: notnbo] i'jm. 

Brooks' ht^ i Vhr^y^ sU-y, Part XT, p. 110-loA 



MODULE C-11 Safety In the Laboratory 
STATEMENT OF PURPOSE 

In this module you will study the standard safety practices and some special 
hazards particular to the chemical laboratory. 
INSTRUCTIONAL OBJECTIVES 

1. Locate and demonstrate the use of personal protection equipment. 

2. Without reference to notes » define the following terms with 100% 
accuracy: tlammable limits^ flash point. Ignition temperatures, auto- 
ignition temperature, combustible liquids, and pjrrophoric materials. 

3. Without reterence to notes, describe suggested procedures to avoid 
accidents in handling the following items: sodium, mercury, and peroxides. 

4. List some common precautions to consider in using larger laboratory 
equipment . 

DIAGNOSTIC PRE-TEST 

Take pre-test which will demonstrate your familiarity with the safety 

practices. 

IMPLBflSNTERS 

Laboratory Safety Equipment 

MODULE C-12 Basic Chemical Laboratory Practice 
STATEMENT OF PURPOSE 

In this module you wi71 become familiar with general laboratory equipment 
and learn how to manipulate the equipment safely. 
DESIRABLE PREREQUISITE SKILLS 
Module C-11 Safety in the Laboratory 
INSTRUCTIONAL OlkJECTIVES 

1. Without reference to notes and diagrams, identify with lOOZ accuracy 
the general laboratory equipment (flasks, pipettes, burners, etc.). 

2. Read a typical reagent label and identify the various sections with 
100>ii accuracy. 

3. Without reference to notes, demonsti«»te the following skills: 

a. handling laboratory glass tubing and glassware 

b. operating a burner 

c. handling and pouring reagents, and 

d. assembling standard taper joint glassware 

4. Without reference to the modular program, list several general safety 
hints when handling the general bench equipment. 

DIAGNOSTIC PRE-TEST 

Demonstration of basic laboratory skills for the instructor. 
IMPLEMENTERS 

Bench laboratory equipment represented in the attached figures of the module. 

MODULE C-13 Chemical Literature and the Library 
STATEMENT OF PURPOSE 

This module will afford you the opportunity to get acquainted with chemical 
references and assist you in developing good library skills necessary tor 
laboratory technician work. 
DESIRABLE PREREQUISITE SKILLS 
General college level library skills 
INSTRUCTIONAL OBJECTIVES 

1. Without notes, distinguish between primary and secondary sources of 
information. 
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2. List and describe with 100% accuracy the kinds of publications beneficial 
to chemical laboratory work* 

3. Demonstrate your use of library facilities by locating specific chemical 
publications* 

DIAGNOSTIC PRE-TEST 

Locatio n of specified abstracts and chemical texts for the instructor. 

DiPLEMENTERS 

Library facilities 

IfflDULE C-14 Toxicity ot Chemicals 
STATEMEin: OF PDRFOSE 

This module was selected trom the Chemical Technician Project (American 
Chemical Society). It is designed to tamiliarize you with the hazards of 
toxic and/or poisonous chemicals* 
INSTRUCTIONAL OBJECTIVES 

1« Define the following terms: toxicology » toxicity » hazard » systematic » 
local 9 topical y acuLe, chronic, threshold limit valve » concentration » and 
tolerance* 

2. Distinguish between the three (3) common ways in which toxic chemicals 
enter the body* 

3* List several toxic agents found in the general chanlcal laboratory. 
4* Given the appropriate information, identify whether the agent is carbon 
monoxide, mercury vapor, hydrogen sulfide, carbon tetrachloride, and 
benzene* 

DIAGNOSTIC PRE-TE3T 

Identify and list some of the hazards associated with the prepared list of 

toxic agents* 

IMPLEMENTERS 

Toxicity of Chemicals (the modular program) by American Chemical Society* 

IWDULE C-15 Hazards — Electricity and Compressed Gases 
STATEMENT OF PDRPOSE 

In this module you will study the properties of electrical equipment and 

the precautions in their usage* The manipulation of compressed gas cylinders 

will be studied to aid you in safe handling of the high pressure containers. 

DESIRABLE PREREQUISITE SKILLS 

Safety in the Laboratory 

INSTRnCTIONAL OBJECTIVES 

1* Without reference to notes and diagrams, explain the relation among force 
current and resistance (Ohm*s Law)* 

2. Without reference to notes, define with 100% ac uracy the following terms 
volt, ampere, ohm, regulator and pressure gauge. 

3* Demonstrate the proper method of transporting a cylinder and the attach- 
ing and use of a regulator* 

4* List some of the safety considerations in the handling of electrical 
equipment and of compressed gas cylinders* 
DIAGNOSTIC PRE-TEST 

Demonstrate your ability to handle compressed gas cylinders and explain Ohm*s 
Law* 

IMPLEMENTERS 

Compressed gas cylinders, regulators, and standard laboratory electrical 
equipment* 
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MODULE C-lb Paper Chromatography 
STATEMENT OF PURPOSE 

This module is designed as an introduction to qualitative analysis to 
identify components of mixtures* The methoc chosen for this is paper 
chromatography • 
DESIRABLE PREREQUISITE SKILLS 

Metric Measurement Module, Chemistry for Laboratory Technicians , pages 198-:^06. 
INSTRUCTIONAL OBJECTIVES 

1* Distinguish between quantitative and qualitative analysis* 
2. Identify the following terms: mixture, standard samples, chroma tograms. 
3* Perform the paper chromatography exercise, separating a known sample. 
DIAGNOSTIC PRE-TEST 

Demonstrate the procedure to successfully perform paper chromatography of a 

known sample. 

IMPLEMENTERS 

400 ml beaker watch glass 

metric ruler paper clips 

stick droppers 

strips ot filter paper toothpicks 

paper towels 
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